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The  behavior  of  materials  used  in  dental 
laboratories  is  complicated  because  many 
of  their  reactions  are  not  simple  chemical 
phenomena.  Hygroscopic  expansion  of  den¬ 
tal  investments,  one  of  these  phenomena, 
has  been  studied  by  various  methods.  Ryge 
and  Fairhurst  (p.  499)  used  x-ray  diffrac¬ 
tion  studies  on  these  interesting  materials 
and,  producing  hygroscopic  expansion  by 
water  and  other  liquids,  demonstrated  that 
it  is  not  caused  by  hydration.  They  ex¬ 
plain  the  “hygroscopic”  expansion  on  the 
basis  of  physical  properties  of  the  ma¬ 
terials,  fluid  adsorbed  between  inert  gypsum 
crystals  thickening  their  surface  films  and 
forcing  the  crystals  apart. 

The  effect  of  various  types  of  dental  in¬ 
struments  on  the  smoothness  of  dental  instru¬ 
ments  of  cavity  walls  has  been  expressed 
from  time  to  time  but  few  studies  have 
been  reported.  Peyton  and  Mortell  (p.  509) 
used  a  shadowing  technic  to  demonstrate 
the  roughness  of  cavity  walls  after  use  of 
various  rotating  and  hand  instruments. 
The  roughness  of  the  walls  is  apparent 
from  the  photographs,  but  whether  greater 
smoothness  is  desirable  has  not  been  demon¬ 
strated.  The  relative  retention  and  the 
clinical  desirability  of  different  types  of 
cavity  wall  finish  challenge  the  inv^estigator 
in  the  field  of  physical  properties. 

Crawford  and  Larson  (p.  518)  subjected 
extracted  teeth  with  metal  restorations  to 
fluids  containing  radioactive  calcium  and 
then  studied  its  penetration  in  radiographs. 
The  penetration  of  the  fluids  around  serv¬ 
iceable  restorations  is  apparent.  The 
authors  ask  why  these  restorations  are 
serviceable  and  what  prevents  recurrent 
decay  in  the  regions  of  fluid  penetration. 

Lefkowitz  and  Swayne  (p.  523)  continued 
their  in  vitro  cultivation  of  tooth  germs 
by  studying  their  growth  “on  the  clot”  as 
opposed  to  previous  “in  the  clot”  explants. 
This  study  throws  some  doubt  on  the 
generally  accepted  concept  that  odonto¬ 
blasts  and  ameloblasts  exert  organizing  in¬ 
fluences  on  each  other.  In  tissue  culture 


this  observation  was  not  confirmed.  An¬ 
other  interesting  finding  was  the  appear¬ 
ance  of  monocyte-like  cells  in  the  cultures 
at  the  time  liquefaction  began.  One  must 
realize  that  these  cultures  have  no  blood 
supplies  to  understand  the  importance  of 
.such  cells  which  possibly  are  “reticulo¬ 
endothelial”  in  nature. 

The  development  of  the  squamoso-mandib- 
ular  articulation  of  the  rat  (Cunat,  Bhas- 
kar  and  Weinmann  [p.  533])  is  a  detailed 
description  of  the  embryology  of  this  struc¬ 
ture  as  observed  in  normal  and  abnormal 
animals  from  16  days  insemination  age 
until  30  days  after  birth.  The  details  will 
be  of  value  to  anatomists  and  to  all  in¬ 
vestigators  and  clinicians  whose  problems 
are  concerned  with  the  “mandibular  joint.” 

Bixler,  Webster  and  Muhler  (p.  547),  by 
a  study  of  the  adrenals  after  removal  of 
the  major  salivary  glands  of  weanling  rats, 
have  demonstrated  an  increase  in  the  adreno¬ 
cortical  activity,  suggesting  a  moderate 
ACTH  stimulation,  and  a  retardation  of 
the  dev’elopment  of  the  female  reproductive 
system.  If  the  salivary  glands  show  this 
hormone-like  activity  in  rats,  their  function 
in  man  should  be  reviewed  and  re-evaluated. 

The  sequence  of  calcification  of  the 
mandibular  molars  and  premolars  of  a  group 
of  children  seen  periodically  in  a  longi¬ 
tudinal  study  was  observed  by  radiographs. 
Gam,  Lewis  and  Shoemaker  (p.  555)  found 
that  of  the  5  teeth  investigated  the  first 
molar  was  invariably  first  to  begin  calci¬ 
fication,  the  first  premolar  second  and  the 
third  molar  last.  The  time  of  initial  cal¬ 
cification  in  the  second  premolar  and  second 
molar  had  different  tendencies  in  boys  than 
in  girls,  and  boys  showed  more  predominance 
of  approximation  of  initial  calcification  of 
these  2  teeth.  Studies  on  siblings  suggest 
a  genetic  influence  on  which  of  the  two 
teeth  begin  to  calcify  first  and  a  gradual 
evolutional  change  from  M-Pj  sequence  to 
PjMj  sequence  is  proposed.  This  is  the 
type  of  general  study  to  which  the  in¬ 
terested  and  capable  dentist  may  contrib- 
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ute  and  from  which  he  can  derive  useful 
dental  information. 

Or^s  and  Bartha  (p.  562)  observed  that 
w’hen  sleep  was  induced  in  albino  rats  the 
rate  of  eruption  of  the  incisors  was  in¬ 
creased.  To  test  whether  or  not  the  lack 
of  intrusive  forces  during  sleep,  i.e.,  the 
failure  to  use  or  bite  upon  the  teeth,  was 
the  cause  of  this  accelerated  eruption,  the 
teeth  on  one  side  were  ground  out  of 
occlusion  each  week.  The  authors  conclude 
that  increased  eruption  rate  in  animals  in 
which  prolonged  sleep  has  been  induced 
probably  is  not  due  to  reduced  intrusive 
forces.  They  have  not  found  the  cause 
of  this  eruption  rate  change. 

Gans,  Engel  and  Joseph  (p.  566),  by  an 
electrometric  method,  demonstrated  that 
the  density  of  the  negatively  charged  col¬ 
loid  is  decreased  in  early  months  of  preg¬ 
nancy  and  that  the  tissues  return  to  nor¬ 
mal  after  parturition.  The  changes,  present 
in  all  patients,  may  require  a  triggering 
mechanism  such  as  local  trauma  or  general 
reduction  in  resistance  to  result  in  clinical 
manifestations.  That  the  gingival  tissues 
do  respond  to  general  influences  is  well 
demonstrated  in  the  familiar  dilantin  re¬ 
action  and,  although  some  authors  have 
questioned  the  specificity  of  the  hormonal 
influence,  it  appears  to  be  well  established. 

Green  and  Dodd  (p.  572),  from  a  study 
of  caries-.su.sceptible  and  truly  caries-im¬ 
mune  individuals,  appear  to  have  demon¬ 
strated  that  the  saliva  of  immunes  sup¬ 
presses  the  number  of  lactobacilli  present 
in  saliva  and  almost  eliminates  those  with 
colony  morphology  other  than  smooth.  The 
mechanism  appears  to  be  a  selection.  While 
the  authors  propose  that  the  mechanism  may 
lower  the  total  cariogenic  potential  of  the 
oral  flora,  they  point  out  that  it  does  not 
imply  that  lactobacilli  are  the  sole  or¬ 
ganism  that  may  be  active  in  the  process 
of  caries.  Other  organisms,  however,  were 
not  significantly  reduced  in  numbers  in  the 
saliva  of  caries-immune  subjects. 

Rosen,  Hunt  and  Hoppert  (p.  586)  found 
lactobacilli  more  frequently  in  the  mouths 
of  caries-susceptible  rats  than  in  caries-re¬ 
sistant  rats  from  the  Michigan  State  “caries¬ 
breeding”  colonies.  The  occurrence  of 
lactobacilli  in  young  caries-resistant  rats, 
although  always  lower  than  in  caries-sus¬ 
ceptible  groups,  shows  a  marked  drop  after 
50  days  of  age.  There  is  also  a  statistically 


significant  lower  incidence  of  oral  lacto¬ 
bacilli  in  resistant  animals  developing  no 
caries  as  compared  with  resistants  that 
developed  caries.  The  authors  suggest  that 
lactobacilli  may  cause  caries  in  susceptibles 
but  are  not  important  in  the  carious  proc¬ 
ess  in  resistant  rats.  Different  organisms 
may  be  important  in  resistant  animals.  It 
has  also  been  shown  (Green  and  Dodd, 
p.  572)  that  the  cariogenic  flora  may  differ 
in  susceptible  and  immune  human  subjects. 

Hargreaves  and  Manly  (p.  591)  have 
evaluated,  with  a  large  group  of  agents, 
their  “salivary  sediment  technic”  for  meas¬ 
uring  acid  inhibition.  The  results  have  been 
compared  with  the  saliva-glucose  mixture 
method.  Higher  concentration  of  inhibit¬ 
ing  agents  are  required  in  the  salivary 
sediment  method  than  are  necessary  to 
show’  inhibition  of  acid  formation  with  the 
saliva-glucose  mixture.  Both  methods  should 
be  recognized  as  screening  technics  for 
acid  formation  inhibiting  effects,  not  a» 
caries  inhibition  tests. 

Onisi  and  Kondo  (p.  596)  placed  acrylic 
plates  resembling  horseshoe  dentures  with¬ 
out  teeth,  in  the  palates  of  individuals  who 
wore  them  4  days.  Daily  salivary  lacto- 
bacillus  counts  made  for  six  days  before 
the  experiment  were  used  as  base  lines. 
Counts  made  during  the  period  of  wearing 
the  plates  were  significantly  increased  and 
dropped  again  after  the  plate  was  removed. 
The  findings  suggest  the  importance  of 
environment  in  determining  individual  lacto- 
bacillus  counts  and  may  explain  why  counts 
may  be  increased  in  individuals  with  in¬ 
active,  but  unrestored,  carious  lesions,  and 
in  patients  with  partial  dentures,  or  ortho¬ 
dontic  appliances. 

Schatz,  Martin  and  Karlson  (p.  603) 
consider  the  oral  flora  as  unique  with  every 
changing  environmental  condition.  They 
investigated  the  cultural  characteristics  of 
organisms  selected  from  the  oral  micro¬ 
flora.  Using  the  Warburg  technic  they 
demonstrated  the  potential  of  this  approach 
w’hich  has  been  utilized  to  study  bacterio- 
logic  aspects  of  other  mixed  population.s. 

Rae  and  Clegg  (p.  612)  were  unable  to 
correlate  salivary  lactic  acid  production 
with  salivarj'  lactobacilli  counts.  They  sug¬ 
gest  that  lactic  acid  production  is  a  poor 
criterion  for  lactobacillus  concentration. 

Muhler  and  Bixler  (p.  615)  found  that 
desalivated  rats  fed  a  cariogenic  corn  diet 
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did  not  develop  dental  caries  when  their 
maxillary  molars  had  been  removed,  although 
those  with  their  maxillary  molars  present 
did.  They  express  the  belief  that  a  factor 
other  than  the  absence  of  saliva  is  neces¬ 
sary  to  initiate  caries  in  the  rat,  but  the 
lack  of  saliva  will  increase  the  rate  of 
caries  activity.  The  “food  impaction”  or 
“fracture”  property  of  certain  diets  that 
initiate  caries  in  the  rat  has  long  been 
recognized,  but  some  question  has  been 
raised  as  to  its  authenticity.  This  work 
tends  to  reaffirm  the  coarse  corn  diet  con¬ 
cept  and  to  a.ssign  different  roles  to  the 
physical  properties  of  the  diet  and  the 
saliva. 

Although  real  differences  in  caries  sus¬ 
ceptibility  exist  in  the  Hunt-Hoppert  series 
of  albino  rats,  the  search  for  basic  factors 
has  proved  elusive.  It  had  been  noted,  in 
passing,  that  the  susceptibles  had  wider 
fissures  in  their  molars  than  the  resistants. 
A  study  of  this  factor  by  Kifer,  Hunt,  Hop- 
pert  and  Witkop  (p.  620)  indicates  that 
the  difference  is  significant.  It  is  postu¬ 
lated  that  these  wider  fissures  facilitate 
food  impaction  while,  in  human  beings 
(Bossert,  W.  A.:  J.  D.  Brs.  16:  63,  1937) 
quite  the  opposite  condition  appears  to  pre¬ 
vail.  While  this  does  not  invalidate  work 
on  rat  caries  it  does  highlight  the  danger 
of  making  transfers  of  information  from 
experimental  animals  to  human  subjects 
too  hastily. 

Weinreb  and  Ben-Shushan  (p.  630)  re¬ 
port  the  caries  experience  of  7,727  young 
Israeli  males.  The  number  of  D.M.F.  teeth 
appear  low  in  comparison  with  reported 
D.M.F.  from  other  countries. 

Potgieter,  Morse,  Erlenbach  and  Dali 
(p.  638)  studied  the  relationship  between 
D.M.F.  of  .school  children  and  food  intake 
as  recorded  by  the  children  over  a  7-day 
period.  As  may  be  expected,  when  the 
relatively  gross  technic  of  D.M.F.  by  teeth 
is  used  on  864  children  and  the  dietary 
habits  are  obtained  from  records  kept  by 
the  children,  precise  conclusions  are  un¬ 
warranted.  The  authors  carefully  avoid 
any  effort  to  draw  conclusions  but  point 
out  that  the  D.M.F.  rate  is  lower  among 
the  children  recording  more  complete  food 
intake  (as  judged  by  serving  of  the  “basic 
seven-group  items”),  that  the  D.M.F.  goes 
down  as  milk  intake  increases  to  5  cups 
per  day  but  increases  above  this  level  and 


that  small  but  inconclusive  relationships 
were  recorded  between  candy  and  between- 
meal  snacks  and  D.M.F. 

An  interesting  group,  from  the  view¬ 
point  of  oral  hygiene  methods,  was  studied 
by  Sanjana,  Mehta,  Doctor  and  Baretto 
(p.  645).  Of  1,445  individuals  of  Bombay 
83  per  cent  had  generalized  periodontal 
di.sease.  One-half  used  tobacco  on  the  finger 
for  their  oral  hygiene,  others  using  the 
datan  (a  fresh  chewed  twig),  toothbrushes 
and  paste,  the  fingers  with  powder,  the 
fingers  with  charcoal,  or  the  toothbrush  with 
powder.  The  method  of  oral  hygiene  did 
not  seem  to  affect  the  final  outcome,  sig¬ 
nificantly,  as  practically  all  of  the  subjects 
over  30  years  of  age  had  generalized  perio¬ 
dontal  disease.  This  study  indicates  that 
in  Bombay  more  than  simple  oral  hygiene 
by  the  individual  is  necessary  to  prevent 
periodontal  disease. 

Laboratory  evidence  of  systemic  de¬ 
rangement,  generally,  has  not  been  demon¬ 
strable  in  cases  diagnosed  as  periodontosis. 
Karshan,  Tenenbaum  and  Friedland  (p.  648) 
have  demonstrated  consi.stently  low  uri¬ 
nary  estrogen  values  in  the  urine,  obtained 
on  the  day  of  presumed  evaluation  from  7 
women  with  severe  periodontosis.  The  uri¬ 
nary  estrogen  output  was  lower  in  these 
patients  than  in  3  women  with  mild  and  8 
with  moderate  periodontosis.  This  limited 
evidence  is  suggestive,  and  further  studies 
of  this  factor  appear  to  be  justified  in 
young  women  with  periodontosis. 

Mitchell  and  .Johnson  (p.  651)  appear 
to  have  produced  “gingival  pla<|ue”  at  will 
in  hamsters.  A  high  carbohydrate  diet 
given  for  three  months  resulted  in  pla<|ue 
material  at  the  gingival  margin  of  upper 
molars  while  feeding  noncariogenic  labora¬ 
tory  chow  for  2  weeks  led  to  its  disappear¬ 
ance.  The  plaque  re-formed  after  two 
weeks  on  the  high  carbohydrate  feed. 
This  plaque,  consisting  largely  of  aciduric 
organisms,  is  suggested  as  a  screening  de¬ 
vice  for  possible  anti-caries  agents. 

Fajarda,  Grossman  and  McShane  (p.  656) 
report  on  the  results  of  tests  with  several 
relatively  less  known  antibiotics  and  anti¬ 
septics  against  4  microorganisms  frequently 
found  in  root  canal  therapy.  The  value  of 
combining  agents  is  suggested.  The  method 
of  their  use  is  not  discussed. 

H.  B.  G.  R. 
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The  next  general  meeting  will  convene  at  the  Claridge  Hotel,  Atlantic 
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HYGROSCOPIC  EXPANSION 

GUNNAR  RYGE,  D.D.S.,  AND  CARL  W.  FAIRHURST 
School  of  Dentistry,  Marquette  University,  Mihcaukee,  ff'is. 

INTRODUCTION 

The  phenomenon  of  hygroscopic  expansion  was  called  to  the  attention  of 
the  dental  profession  by  Seheii^  in  1932.  Since  this  time  numerous  investi- 
gators*'®  have  published  data  illustrating  the  manipulative  factors  determining 
the  amount  of  hygroscopic  expansion.  Degni*  explained  the  phenomenon  ob¬ 
served  on  the  basis  of  the  colloidal  theory  for  the  setting  of  plaster  of  Paris. 
Landgren  and  Peyton^  gave  an  excellent  account  of  several  factors  affecting 
the  hygroscopic  expansion  but  did  not  discuss  the  mechanism  thereof.  Lyon, 
Dickson,  and  Schoonover®  illustrated  the  mechanism  of  hygroscopic  expansion 
from  several  new  aspects  and  concluded : 

On  the  basis  of  the  data  presented  it  is  believed  that  hygroscopic  expansion 
of  dental  investment  is  a  continuation  of  the  normal  setting  expansion  during 
the  period  when  the  investment  is  in  a  semisolid  state.  This  continue*!  expansion 
is  produced  by  the  introduction  of  additional  water  which  permits  further  hydration 
of  calcium  sulphate  at  this  time.  The  inert  filler  present  in  the  investment 
weakens  its  structure  and  thus  permits  the  precipitating  hydrate  crystals  to  expand 
the  mass  of  material. 

It  is  the  purpose  of  this  report  to  present  the  results  of  x-ray  diffraction 
data  illustrating  the  rate  of  hydration  of  different  plaster  products  under 
hygroscopic  and  nonhygroscopic  conditions,  and  to  present  other  observations 
on  the  phenomenon  of  hygroscopic  expansion. 

RATE  OF  HYDRATION 

Diffraction  data  were  obtained  from  19  commercially  available  dental 
casting  investments,  dental  stones,  and  plasters  in  their  hemihydrate  form 
and  in  their  dihydrate  form  after  normal  setting.  The  position  and  relative 
intensities  of  the  diffraction  lines  characteristic  of  the  hemihydrate  and 
dihydrate  were  verified  by  comparison  with  those  of  pure  samples  of  calcium 
sulfate  hemihydrate  and  dihydrate  produced  by  precipitation.®’ 

The  easting  investments,  stones,  and  plasters  were  then  mixed  with  water 
and  permitted  to  set  under  different  hygroscopic  conditions,  and  x-ray  dif¬ 
fraction  data  were  again  obtained.  Details  of  the  experimental  conditions 
were  as  follows: 

Diffraction  data  were  obtained  using  a  General  Electric  XRD-3  recording  x-ray 
diffractometer  operated  with  a  copper  tube  at  50  kv.,  10  Ma.  A  beam  slit  of  3  degrees 

This  study  was  supported  in  part  by  research  grants  No..  D-102  and  No.  C4079  from 
the  National  Institute  for  Dental  Research  of  the  National  Institutes  of  Health,  United  States 
Public  Health  Service. 
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was  used,  with  a  medium  resolution  soller  slit,  0.2  degree  detector  slit,  and  0.0007  inch 
Nickel  filter.  The  spectrogoniometer  was  rotating  at  2  degrees  per  minute  and  the  chart 
was  moving  at  24  inches  per  hour.  Recordings  covered  three  decades,  with  a  time  constant 
of  6  seconds  for  the  first  decade,  3  seconds  for  the  second  decade,  and  0.4  second  for  the 
third  decade.  Specimens  were  prepared  from  plaster,  stone,  and  investment  mixed  under 
standardized  conditions  of  proportioning  and  spatulation. 

An  aluminum  frame  placed  upon  a  microscope  slide  was  used  as  a  sample  holder 
(iHg.  1).  Mixed  plaster,  stone,  or  investment  was  poured  in  the  aluminum  frame;  then  the 
excess  was  scraped  off  and  another  microscope  slide  was  placed  on  top  of  the  specimen  to 
serve  as  a  backing  for  the  sample.  When  a  liner  was  used,  a  sheet  of  wet  or  dry  asbestos 
was  placed  on  top  of  the  specimen  before  the  top  (back)  microscope  slide  was  placed.  In 
all  instances  the  front  (lower)  microscope  slide  was  removed  as  soon  as  the  specimen  was 
rigid  enough  to  permit  its  removal  (about  9  minutes  after  the  start  of  the  mix). 

Recordings  were  Started  10  or  15  minutes  after  start  of  mix.  In  order  to  obtain  earlier 
readings  this  technic  was  modified  slightly.  A  sheet  of  0.00025  inch  Mylar  (Dupont)  was 
attached  to  the  front  (lower)  surface  of  the  aluminum  frame  with  No.  666  double-coated 
Scotch  tape,  thus  forming  a  window  and  front  wall  which  would  support  the  specimen  while 
soft  (before  initial  set)  so  that  the  specimen  could  be  placed  vertically  on  edge  in  the 
sample  holder  of  the  x-ray  diffractometer  as  early  as  IV2  minutes  after  the  start  of  the  mix. 
The  Mylar  window  technic  caused  a  slight  shift  in  background  but  did  not  change  the 
relative  intensities  of  the  recorded  lines.  The  early  recordings  did  not  furnish  additional 
information  with  respect  to  the  phenomenon  of  hygroscopic  or  nonhygroscopic  setting  and, 
consequently,  most  data  reported  here  are  based  on  recordings  started  at  10  minutes,  obtained 
with  the  use  of  the  Mylar  window.  However,  the  early  recordings  aided  in  determining  that 
the  changes  reported  here  cover  the  significant  part  of  the  setting  period. 

The  data  used  for  the  curves  in  Fig.  2  were  obtained  by  repeated  scanning  from 
2®  =  10  degrees  through  29  =  16  degrees.  In  addition,  other  intervals  were  scanned,  and 
several  of  the  significant  hemi-  and  dihydrate  lines  were  also  recorded  by  continuous  scan¬ 
ning  back  and  forth  (using  the  increase-decrease  switch  of  the  spectrogoniometer)  over  a 
few  degrees  29  interval  during  the  whole  setting  period. 

It  was  found  that  the  rate  of  formation  of  dihydrate  and  the  rate  of 
disappearance  of  the  hemihydrate  would  vary  with  spatulation  and  with 
water/powder  ratio.  Under  any  set  of  experimental  conditions,  the  final  in¬ 
tensity  of  the  dihydrate  lines  would  reach  higher  values  when  the  setting  took 
place  under  normal  conditions  than  when  the  setting  took  place  under  "hygro¬ 
scopic  conditions. 

It  was  found  that  the  rate  of  change  of  different  x-ray  diffraction  lines 
of  each  compound  (hemihydrate  or  dihydrate)  would  vary  somewhat,  the 
reflections  from  planes  of  low  Miller  indices  (high  d-values)  in  general  being 
most  sensitive  to  the  effect  of  hygroscopic  conditions. 

HYGROSCOPIC  EXPANSION  WITHOUT  WATER 

X-ray  diffraction  data  and  dimensional  change  determinations  were  made 
using  the  “water-added  technique”  described  by  Mahler.*^  “Hygroscopic 
expansion”  was  obser\’ed  after  addition  of  2.5  ml.  of  ethyl  alcohol,  glycerine, 
transformer  oil,  and  light  machine  oil. 

The  experimental  procedure  employed  for  determining  dimensional  changes 
upon  setting  was  the  following : 

Weighed  amounts  of  investment  and  distilled  water  were  spatulated  by  hand.  Of 
the  mixed  investment,  70  Gm.  was  placed  in  a  cylindrical  Korogel  mold  approximately  the 
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Fig.  2. — Gaertner  micrometer  microscope  with  Korogel  mold  filled  with  investment,  with  brass 

reference  pins  in  position. 
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size  of  an  inlay  casting  ring.  Brass  reference  pins  (14  gauge,  15  mm.)  with  a  fine  cross 
inscrilied  on  tlie  highly  polished  end  surface  were  inserted  into  the  investment  approximately 
.32  mm.  apart.  This  technic  was  later  modified  using  commercially  available  rubber  cylinders 
furnished  by  The  Ransom  &  Randolph  Company.  The  amount  of  investment  used  was 
45  Gm.  Reference  pins  were  inserted  23  mm.  apart.  The  mold  was  oriented  on  the  stage 
of  a  Gaertner  micrometer  microscope  such  that  the  reference  pins  were  in  focus  and  in 
alignment  with  the  microscope  (Fig.  2).  The  method  was  later  modified  such  that 
photographic  records  were  obtained  by  a  35  mm.  camera.  Readings  of  the  films  were  carried 
out  on  the  micrometer  microscope. 

To  determine  whether  water  added  to  the  specimens  during  the  initial  setting  period 
takes  part  in  the  hydration  process,  70  Gm.  s|)ecimens  were  made  as  previously  de.^cribed. 
Different  quantities  of  water  (1  ml.,  2.5  ml.,  and  3.5  ml.)  were  added  to  the  specimens 
during  the  initial  setting  period,  white  others  were  allowed  to  set  without  the  addition  of 
water.  The  weight  was  again  determined  after  4S  hours  of  storage  in  air. 

RESULT.S 

Fig.  3  shows  hydration  curves  for  Kerr  s  (.’ristobalite  Investment  (K-curves, 
(iraphs  -I  and  (')  and  Ranstnn  &  Randolph  Hygroscopic  Investment  No.  2 
(H-curves,  (Jraphs  B  and  D).  (Jraphs  .4  and  B  show  absolute  intensity  plotted 
as  ij  function  of  time  for  the  14.7  degree  hemihydrate  lines  (designated  by  H) 
and  the  11.(5  degree  dihydrate  lines  (designated  by  D).  In  Graphs  C  and  /), 
relative  intensity,  Iu/li>.  is  plotted  as  a  function  of  time  for  the  same  data. 
The  ex])erimental  conditions  are  listed  in  Table  I. 


Table  I 


kerb’s  cristobalite 

R  &  R  HYOROSiXiPIC  XO.  2 

w/c  1 
RATIO  1 

SCATin.ATIOX 

TIME 

1  SETTIXI! 

1  IXIXDITIOXS 

1  UESIOXA- 
i  TIOX 

w/p  1 

RATIO  1 

SP.VTCLATlOX 

TIME 

j  SETTING 

1  COXDITIOXS 

DESIGNA¬ 

TION' 

.35 

2  mill. 

Normal 

K1 

.26 

2  min. 

Normal 

R1 

.38 

2  mill. 

Normal 

K2 

.30 

2  min. 

Normal 

R2 

.38 

2  mill. 

Hygro.scopic 

K3 

..30 

2  min. 

Hygroscopic 

B3 

.38 

30  sec. 

Normal 

K4 

.30 

30  see. 

Normal 

R4 

Fig.  4  shows  typical  expansion  curves  for  R  &  K  hygroscopic  casting 
investment  for  normal  setting,  and  for  setting  after  additions  of  1  ml.  and 
2.5  ml.  of  water,  lOVi  minutes  after  start  of  mixing.  The  values  obtained  after 
1  hour  were:  normal  setting  expan.sion,  0.44  per  cent;  1  ml.  of  water  added, 
2.0  per  cent;  and  2.5  ml.  of  water  added,  3.08  per  cent. 

Fig.  5  shows  typical  expansion  curves  for  R  R  hygroscopic  casting 
investment,  as  effected  by  addition  of  2.5  ml.  of  liquid  at  lOVt  minutes  after 
start  of  mixing.  The  values  obtained  after  1  hour  were:  normal  setting 
expansion,  0.44  per  cent;  3-in- 1  oil  added,  0.95  per  cent;  glycerine  added. 
1.23  per  cent;  100  per  cent  ethyl  alcohol  added,  2.29  per  cent;  and  distilled 
water  added,  3.08  per  cent. 

The  data  chasen  for  illustration  in  Figs.  4  and  5  were  as  close  as  possible 
to  the  average  values  for  6  individual  determinations  (for  example,  6  e.xperi- 
ments  identical  with  B  [Fig.  4]  gave  1-hour  expansion  values  ranging  fwin 
1.94  per  cent  to  2.04  per  cent). 

Kerr  Cristobalite,  water/powder  ratio:  0.38,  spatulated  for  1  minute, 
initial  reading  at  IIV^  minutes;  1  ml.  liquid  added  at  12  minutes,  gave  the 


I 


TIME  IN  MINUTES 


TIME  IN  MINUTES 


Fig.  3. — Hydration  curves  for  Kerr’s  Cristobalite  Investment  and  Ransom  &  Randolph  Hygro¬ 
scopic  Investment.  (See  iegemi  in  text  and  in  Tabie  I.) 


Those  vnhu's  oorrolato  in  relative  position  with  the  experiments  where 
R  &  R  hygroseoiiie  eastinj;  investinent  was  used  with  the  addition  of  2.5  ml. 
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of  li<iui(l  (Fig.  5)  and  with  values  obtained  by  the  addition  of  1  ml.  of  liquid 
to  the  K  &  U  investment  (Fig.  4).  Dimensional  changes  of  the  same  order 
of  magnitude  were  obtained  using  R  &  R  Hygroscopic  Investment  No.  2. 

Addition  of  1  ml.  of  100  per  cent,  10  per  cent,  and  1  per  cent  ethyl 
alcohol  in  water  resulted  in  increasing  expansion  values  for  decreasing  alcohol 
concentration,  as  illustrated  in  Table  II.  Surface  tension  and  viscosity  values 
for  the  alcohol  solutions  are  also  listed  in  Table  II. 


Table  II 


ETHYL  ALi'OllOl. 

(CEK  CE.NT) 

i  HOl’K  E.XI’ANSION 
(PKK  CE.NT) 

Sl’KEACE  TEXSK)X  -AT 
.10”  C. 
(dyne/cm.) 

VI.Sl'OSITY  AT  30”  C. 

(centipoise) 

100 

1.4 

21.5 

1.03 

10 

l.S 

45.0 

1.16 

1 

1.0 

()(i.I 

1  ml.  water  adileil 

1*.0 

71.2 

0.8 

One-hour  hygroscopic  expiin.sion  values  for  Kerr’s  Cristobalite  dental  casting  investment 
upon  addition  of  1  nil.  of  alcohol  of  different  concentrations,  and  upon  addition  of  water. 
Surface  tension  and  viscosity  values  for  the  different  liquids  are  shown. 


It  was  found  that  the  weight  of  specimens  with  1  ml.,  2.5  ml.,  and  3.5  ml. 
of  tvater  added  after  48  hours’  storage  in  air  would  be  the  same  as  the  weight 
of  specimens  to  which  no  water  was  added  during  the  setting  period  (weight 
for  all  specimens  after  48  hours,  53.5  (Jm.). 

DISCUSSION 

It  should  be  recognized  that  the  expansion  values  reported  cannot  be 
considered  as  effective  expansion  values  for  dental  casting  procedures,  since 
part  of  the  expansion  recorded  takes  place  before  the  initial  set  of  the  invest¬ 
ments.  It  is  difficult  to  determine  the  time  at  which  setting  or  hygroscopic 
expansion  becomes  effective.  Factors  such  as  wax  and  investment  strengh, 
rate  of  temiierature  change  in  investment  and  wax,  and  shape  and  bulk  of 
the  wax  pattern  necessarily  affect  the  time  at  which  the  expansion  becomes 
effective.  In  this  study,  no  attempt  was  made  to  detennine  expansion  as 
related  to  the  actual  casting  procedure. 

As  illustrated  in  Fig.  5,  hygroscopic  expansion  can  be  obtained  by  addition 
of  liquids  other  than  water.  The  term  “hygroscopic  expansion”  is  actually 
a  misnomer,  at  least  for  this  type  of  expansion  but,  since  it  has  gained  general 
acceptance,  it  is  used  throughout  this  report  to  designate  that  increased 
expansion  which  occurs  in  dental  easting  investments  when  allowed  to  set  in 
the  presence  of  liquid,  whether  or  not  this  liquid  is  water. 

It  was  observed  that  the  sharp  rise  in  expansion  upon  addition  of  liquid 
occurred  just  prior  to  the  loss  of  gloss  and  continued  until  the  liquid  was 
absorbed  (18  to  30  minutes  after  start  of  mix),  after  which  time  only  a  minor 
expansion  similar  to  the  normal  setting  expansion  took  place. 

*  The  expansion  values  and  curves  obtained  by  the  addition  of  different 
quantities  of  water  and  of  other  liquids  also  indicate  that  the  hygroscopic 
expansion  occurs  before  the  normal  setting  expansion. 
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All  x-ray  diffraction  data  obtained  show  that  the  availability  of  excess 
water  or  other  liquids  during  the  setting  period  decreases  the  final  intensity 
of  the  dihydrate  lines,  as  compared  with  the  normal  setting  reaction.  The 
hydration  is  retarded  by  addition  of  water  and  other  liquids  during  the  initial 
setting  period,  and  by  contact  with  both  drj'  and  wet  asbestos. 

The  x-ray  diffraction  data,  dimensional  change  determinations,  and  weight 
determinations  indicate  that  the  theory  of  further  hydration  is  not  tenable. 

It  seems  logical,  therefore,  to  attribute  the  mechanism  of  hygroscopic 
expansion  to  physical  factors  such  as  absorption,  adsorption,  capillar}'  action, 
and  reduction  of  pressure  within  the  investment  due  to  hydration  (reduction 
of  true  volume®’ 

The  variation  in  expansion  obtained  by  the  addition  of:  (a)  different 
quantities,  (b)  different  concentrations  of  the  same  liquid,  or  (c)  the  same 
quantity  of  different  liquids  may  be  attributed  to  several  factors,  such  as 
surface  tension  and  viscosity  of  the  liquids,  their  effect  on  cr}stallization'^ 
and  crystal  habits,  and  solubility  of  the  hemi-  and  dihydrate  in  the  liquids. 

CONCLUSION 

On  the  basis  of  the  evidence  presented  it  is  concluded  that  the  phenomenon 
of  hygroscopic  expansion,  resulting  from  the  jiresenee  of  excess  water  or  other 
liquids  during  the  initial  setting  period,  is  caused  by  absorption  of  liquid 
into  the  investment  by  the  reduction  of  the  true  volume. 

It  is  believed  that  the  hygroscopic  setting  expansion  oceui-s  as  follows: 
the  excess  liquid  is  absorbed  by  capillary  action  into  the  minute  interstices 
as  these  are  formed  throughout  the  investment  during  the  crystallization 
process.  The  liquid  inerea.ses  the  thickness  of  the  surface  film  on  Ixith  the 
particles  »)t’  inert  material  ami  on  the  gypsum  crystals.  As  the  tilm  thickness 
is  increa.sed,  the  crys-tals  and  particles  are  forced  apart,  thus  i)nHlucing  expansion 
of  the  semisolid  ma.ss.  After  the  film  thickness  has  incivased  and  the  resulting 
expansion  has  taken  place,  the  crystallization  continues  as  under  normal  setting 
ronditions,  with  the  difference  that  the  crystal  interlocking  and  the  expansion 
due  to  crystal  thrust  become  less  effective  because  of  the  larger  intei-crystalline 
distances.  A  li(iuid  with  a  high  surface  tension  will  tend  to  pi*otIuee  a  larger 
increase  in  film  thickness  than  a  li<iuiil  with  a  low  surface  tension;  conse¬ 
quently,  the  former  will  force  the  particles  further  apart  and  pnaluce  more 
expansion. 

Under  normal  setting  conditions,  air  is  being  absorbed  into  the  investment 
during  the  period  when  the  true  volume  is  reduceil  due  to  the  hydration 
reaction. 

Under  hygroscopic  setting  conditions  the  litpiid  covering  the  surface 
provents  the  absorption  of  air  into  the  setting  investment.  Instead,  the  liquid 
is  pulled  in  due  to  the  reduction  of  the  true  vidume. 

Other  physical  phenomena  may  act  as  regulating  factors  for  the  pro^Hvsed 
mechanism.  The  slight  increase  in  hygriKscopie  expansiitn  oKserved  by  im- 
mei-sion  in  water  of  higher  temperature  (Degni,®  handgren  and  1‘eytoid)  may 
be  explained  by  the  fact  that  the  viscosity  of  water  decreases  ^the  tluidity 


508 


RYGE  AND  FAIRHUBST 


J.  D.  Res. 
August,  1956 


increases)  by  increase  in  temperature.  The  fact  that  dihydrate  is  less  soluble 
in  alcohol  than  in  water  may  be  contributing  to  the  effect  of  alcohol  in  different 
concentrations.  Also,  alcohol  is  known  to  modify  crystal  habits. 

The  mechanism  here  proposed  will  also  account  for  observations  reported 
by  other  investigators,  including  decreased  particle  size  of  the  inert  material 
causing  an  increase  in  hygroscopic  expansion  (Scheu,*  Docking"*)  because  the 
total  internal  surface  is  larger;  higher  investment/water  ratio  causing  increased 
hygroscopic  expansion  (Degni;®  Landgren  and  Peyton;’  Lyon,  Dickson,  and 
Schoonover**)  because  the  material  is  denser  (more  particles  per  unit  volume) ; 
inert  material,  difficult  to  wet,  causing  less  hygroscopic  expansion  than  others 
(Lyon,  Dickson,  and  Schoonover*)  because  iiarticles  difficult  to  wet  decrease 
capillary  action ;  and  decreased  compressive  strength  resulting  from  the  invest¬ 
ment  setting  under  hygroscopic  conditions  (Skinner*®)  because  the  crystal 
interlocking  is  less  effective  due  to  the  expansion,  and  because  there  is  less 
material  jier  unit  volume  than  after  normal  setting. 


SUMMARY 

1.  Hygroscopic  expansion  can  be  produced  by  liquids  other  than  water. 
2.  X-ray  diffraction  data  show  that  hygroscopic  expansion  is  not  caused  by 
hydration.  3.  Hygroscopic  expansion  is  explained  on  the  basis  of  physical 
characteristics  of  the  materials  involved. 
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SURFACE  APPEARANCE  OF  TOOTH  CAVITY  WALLS  WHEN  SHAPED 
WITH  VARIOUS  INSTRUMENTS 

F.  A.  PEYTON,  D.Sc.,  AND  J.  F.  MORTELL,  JR.,  D.D.8. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

SINCE  the  introduction  of  faster  operating  speeds  for  rotating  instruments, 
there  has  been  an  increased  concern  regarding  the  effects  of  various  instru¬ 
ments  on  the  cut  tooth  surface.  Very  little  information  on  this  subject  exists 
in  the  literature.  The  work  of  Street^  describing  the  effects  of  instruments  on 
enamel  walls  represents  the  most  complete  report  in  the  current  literature. 

It  is  the  purpose  of  this  report  to  describe  an  alternate  procedure  for 
examining  the  tooth  surface  as  it  exists  after  being  cut  with  various  instruments. 
Particular  emphasis  will  be  placed  upon  the  technic  and  procedure  of  observing 
the  cut  tooth  surface. 

ROTATING  INSTRUMENTS 

It  has  seemed  desirable  not  only  to  determine  the  appearance  of  the  freshly 
cut  tooth  surface  but  also  to  examine  the  surface  appearance  of  the  cutting 
instrument.  Fig.  1  shows  the  surface  appearance  of  6  inverted  cone  type 
diamond  instruments.  Some  difference  in  surface  texture  and  appearance  of 
these  instruments  can  be  detected.  Some  have  relatively  sharp  comers  while 
others  are  rounded,  and  some  display  quite  uneven  applications  of  the  diamond 
particles  while  others  appear  to  have  a  more  uniform  surface  texture.  In  Fig.  2 
is  shown  a  group  of  cylindrical  or  taper  type  diamond  instniments.  These  also 
show  a  lack  of  uniformity  in  surface  appearance  and  details  of  the  instrument. 
The  small  disks  represented  in  Fig.  3  show  a  lack  of  uniformity  with  some 
variation  in  surface  roughness.  The  disks  in  Fig.  4  represent  the  large  diameter 
disks  suitable  for  the  slice  type  of  preparation,  and  show  some  evidence  of 
different  particle  size  and  surface  texture  of  the  cutting  instruments.  Interest¬ 
ing  comparisons  might  be  made  with  carbonindum  stones  and  various  types  of 
dental  hurs,  but  .space  does  not  permit  inclusion  of  all  the  rotating  instruments 
in  this  presentation. 

TECHNIC  FOR  SAMPLE  PREPARATION 

Because  of  the  translucent  nature  of  tooth  tissue,  it  is  difficult  to  examine 
microscopically  and  to  record  photographically  the  surface  appearance  of  the 
freshly  cut  tooth  by  means  of  reflected  illumination.  Street  used  lamp  black 
paste  which  was  wiped  on  the  cut  surface  and,  after  drying,  the  excess  material 
was  removed  leaving  the  scratches  from  the  instrument  filled  with  the  lamp  black. 

This  study  supported  by  a  contract  between  the  I’nlted  States  Air  Force,  School  of 
Aviation  Medicine,  Project  No.  AF  16  (600)  427,  and  the  University  of  Michigan,  School  of 
Dentistry. 

Presented  at  the  Annual  Meeting  of  the  Dental  Materials  Group  of  the  International 
Association  for  Dental  Research,  French  Lick  Springs,  Ind.,  March,  1954  (J.  D.  Res.  SS:  699, 
1954). 
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In  order  to  render  the  tooth  more  opaque  in  this  study  the  tooth  surface 
has  been  shadowed  with  a  thin  deposit  of  eopper  in  the  same  way  that  shadowing 
is  used  to  develop  the  detail  of  the  replica  technic  for  high  power  light 
microscope  and  electron  microscope  studies.  The  procedure  of  proper  deposition 
was  identical  to  that  ordinarily  employed  for  the  replica  technic  in  which  a 
copper  filament  is  vaporized  in  vacuum  permitting  the  eopper  to  be  deposited  on 
the  surface  of  the  specimen.  The  illustrations  which  are  used  in  this  report 
represent  teeth  that  were  placed  in  the  vacuum  chamber  and  had  the  copper 
deposited  directly  on  them  rather  than  on  a  replica  of  the  tooth  surface.  The 
technical  details  of  the  operation  of  shadow  deposition  have  been  adequately 
described  in  the  literature.*  The  thickness  of  the  metal  deposit  can  be  controlled 
by  the  time  and  condition  of  deposition.  In  these  studies,  the  deposit  was  not 
.sufficiently  thick  to  alter  the  surface  appearance  resulting  from  the  action  of  the 
cutting  instrument,  but  was  sufficient  to  render  the  surface  somewhat  opaque 
and  permit  better  microscopic  examination. 


FIs.  1.  ; 


Fig.  1. — Representative  inverted  cone  diamond  instruments. 
Fig.  2. — Cylindrical  and  taper  type  diamond  instruments. 

Fig.  3. — Variations  in  surface  texture  of  small  diamond  disks. 
Fig.  4. — Two  representative  large  siae  diamond  disks. 


Fre.shly  extracted  teeth  were  chosen  and  were  kept  wet  until  the  cavity 
was  shaped  with  the  various  instruments  chosen.  Studies  were  made  using  a 
variety  of  diamond  instruments  at  both  high  (12,000  r.p.m.)  and  low  (4,000 
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r.p.m.)  speeds  of  operation.  A  variety  of  carborundum  disks  were  used  at  both 
high  and  low  speeds  in  the  dry  condition  while  diamonds  were  operated  both 
wet  and  dry.  The  surface  developed  by  the  use  of  an  enamel  hatchet  has  been 
included.  Photographs  of  the  cutting  instruments  and  the  surfaces  developed 
on  the  cut  tooth  have  been  recorded  at  relatively  low  magnifications  of  approxi¬ 
mately  20  diameters.  Some  details  seem  to  be  lost  because  of  lack  of  depth  of 
focus  when  higher  magnifications  are  employed  and  lower  magnifications  do  not 
reveal  the  full  surface  appearance. 

SEPARATING  DISKS 

An  interesting  surface  results  from  the  application  of  a  “Joe  Dandy”  type 
of  disk  to  slice  the  tooth  as  shown  in  Pig.  5.  Such  a  disk  operated  dry  at  slow 
speed  develops  a  series  of  symmetrical  scratches,  some  of  which  appear  to  be 
much  deeper  than  others.  While  the  surface  appears  to  be  uniformly  abraded, 
it  cannot  be  interpreted  as  representing  a  smooth  surface.  In  Fig.  6  is  shown  the 
surface  developed  by  the  same  disk,  when  operated  wet  and  at  fast  speeds.  While 
this  illustration  represents  a  contour  cut  of  the  tooth  rather  than  a  straight  slice, 
the  cut  surfaces  are  similar  in  appearance  with  respect  to  the  disk  action  on 
the  tooth.  There  is  no  pronounced  evidence  of  a  different  surface  appearance 
resulting  from  the  same  instrument  at  different  speeds,  or  when  used  wet  or  dry. 
The  surface  developed  by  a  so-called  “lightning  disk”  is  shown  by  Fig.  7.  This 
represents  a  slice  comparable  to  that  of  Fig.  5.  The  disk  was  operated  dry  at 
a  slow  speed  for  this  cut.  While  the  cut  resembles  closely  that  made  by  the 
“Joe  Dandy”  disk  in  general  appearance,  there  is  perhaps  a  less  pronounced 
and  less  well-defined  scratch  developed  by  this  disk.  Possibly  this  is  related  to 
the  different  texture  of  the  disk. 


DIAMOND  DISKS 

In  general,  it  appears  that  the  surfaces  resulting  from  the  action  of  diamond 
disks  have  scratches  that  are  a  little  coarser  than  those  from  corresponding 
carborundum  disks  (Fig.  8).  This  represents  the  surface  cut  with  a  popular 
diamond  disk  operated  wet  and  at  high  speeds.  It  is  apparent  that  the  operator 
changed  the  position  of  the  instrument  during  the  cut  but  it  reveals  also  that 
coarse  particles  on  the  disk  left  deep  scratches.  The  surface  left  by  the  action 
of  anotlier  product  when  operated  wet  at  slow  speeds  is  shown  in  Fig.  9.  This 
surface  is  comparable  to  that  of  Fig.  8,  and  shows  no  significant  result  of  the 
slower  speed  of  operation. 

Some  dentists  claim  it  is  desirable  to  refinish  the  surface  resulting  from 
the  diamond  disk  with  a  small  diameter,  cylindrical,  or  tapered  carborundum 
stone.  Such  an  operation  is  described  as  “honing”  the  surface.  In  Fig.  10 
is  shown  a  portion  of  a  tooth  which  was  first  sliced  with  a  diamond  disk,  after 
which  the  portion  on  the  right  was  finished  with  a  No.  28  pointed  white  stone  of 
small  diameter.  The  surface  appearance  of  the  two  areas  is  quite  different  with 
the  surface  scratches  less  pronounced  where  the  stone  was  used,  although  this 
surface  presents  a  lack  of  uniformity  due  to  the  uneven  action  of  the  small 
diameter  stone. 


face  left  from  action  of  “Joe  Dandy”  disk  operated  slowly  and  dry 
cutting  tooth  with  “Joe  Dandy”  disk  while  wet  at  fast  speed. 

:e  resulting  from  use  of  lightning  disk  dry  at  slow  speeds. 
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KIk.  8. — Surface  produced  by  diamond  disk  operated  wet  at  hlgrh  speeds. 

Fik.  9. — Surface  produced  by  diamond  disk  operated  wet  at  slow  speeds. 

Kig.  10. — Surface  resulting  from  application  of  diamond  disk  at  left  and  carborundum 
stone  at  right. 


Fig.  5. — Tooth  surface  left  from  action  of  “Joe  Dandy”  disk  operated  slowly  and  dry. 
Fig.  6. — Result  of  cutting  tooth  with  “Joe  Dandy”  disk  while  wet  at  fast  speed. 

Fig.  7. — Cut  surface  resulting  from  use  of  lightning  disk  dry  at  slow  speeds. 
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8. — Surface  produced  by  diamond  disk  operated  wet  at  higrh  speeds. 

Fi^.  9. — Surface  produced  by  diamond  disk  operated  wet  at  slow  speeds. 

Ki^.  10. — Surface  resulting  from  application  of  diamond  disk  at  left  and  carborundum 
stone  at  right. 
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NO.  560  DIAMONDS 

Id  the  shaping  of  certain  cavities  it  is  often  desirable  to  employ  a  straight 
fissure  type  diamond  instrument  No.  560,  of  a  small  diameter.  In  size  and  shape 
this  instrument  resembles  the  No.  59  straight  fissure  bur.  When  applied  dry 
at  slow  speeds  to  the  tooth  structure,  there  results  a  surface  appearance  which 
lacks  uniformity  both  with  respect  to  the  depth  of  the  surface  scratches  and 
also  from  one  area  of  the  tooth  to  another. 


Fig.  11. 


Fig.  12. 


Fig.  11. — Appearance  of  tooth  after  being  cut  with  No.  560  type  diamond  when  operated 
wet  at  slow  speeds. 

Fig.  12. — Appearance  of  tooth  after  being  cut  with  No.  560  diamond  when  operated  wet 
at  high  speeds. 

When  using  the  same  instrument  wet  at  slow  speeds  the  resulting  tooth 
surface  is  shown  in  Fig.  11.  This  surface  resembles  closely  those  resulting  from 
using  the  instrument  dry  and  also  shows  the  effect  of  the  irregular  diamond 
particles  in  the  instrument.  In  Fig.  12  is  the  surface  developed  from  this  same 
instrument  operated  wet  at  high  speeds.  From  these  observations  there  seems 
to  be  no  evidence  to  indicate  that  a  different  tooth  surface  results  from  either 
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different  operating  speeds  or  with  the  presence  or  absence  of  water  during  the 
cutting  operation.  While  the  surface  from  the  small  diameter  diamond  re¬ 
sembles  in  some  ways  that  of  a  small  diameter  carborundum  stone,  it  is  generally 
filled  with  deeper  scratches  from  a  diamond  instrument  than  from  a  similar 
carborundum  instrument. 

DENTAL  Bl’RS 

By  contrast  with  the  diamond  and  carborundum  instruments  the  surface 
resulting  from  the  action  on  the  tooth  of  a  No.  558  steel  cross-cut  fissure  bur 
when  operated  dry  at  slow  speeds,  is  shown  in  Fig.  13.  The  surface  presents 


Fig.  13. 


FIk.  14. 

Fig.  13. — Relatively  aniooth  surface  of  tooth  resulting  from  action  of  No.  558  steel  cross¬ 
cut  Assure  bur. 

Fig.  14. — Surface  of  cut  tooth  resulting  fronj  action  No.  58  straight  Assure  bur. 

less  evidence  of  deep  scratches  than  w'ith  the  diamond  but  shows  a  nonuniformity 
due  to  the  uneven  cutting  action  from  one  area  to  another.  No  significant  dif¬ 
ferences  could  lie  detected  when  the  bur  was  operated  fast  or  slow,  or  when 
wet  or  dry.  The  surface  resulting  from  a  No.  702  citiss-cut  taper  fissure  bur 
is  essentially  the  same  as  that  from  the  No.  558  bur. 
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When  using  a  No.  58  steel  straight  fissure  bur  dry  at  low  speeds,  the  surface 
developed  is  similar  to  that  shown  in  Fig.  14.  This  surface  represents  perhaps 
the  smoothest  and  most  unifonn  one  observed  with  small  diameter  rotating 
instruments.  A  similar  surface  results  from  a  No.  601  steel  bur  which  is  similar 
in  design  except  for  a  taper  shape.  The  surface  here  resembles  that  from  a  plan¬ 
ing  instrument  and  lacks  the  deep  scratches  characteristic  of  diamonds  and  stones. 
Again,  a  change  in  the  speed  of  operation  did  not  change  the  surface  appearance 
developed  on  the  tooth  by  the  bur. 


Fig.  15. 


Fig.  15. — Cavity  wall  resulting  from  cut  by  enamel  hatchet. 

Fig.  16. — Appearance  of  cavity  wall  shaped  with  enamel  hatchet. 


HAND  INSTRUMENTS — ENAMEL  H.\TCHET 

I  Some  operators  have  expressed  the  opinion  that  the  hand  instrument  de- 

velops  the  best  or  smoothest  surface  on  the  cavity  wall.  In  Fig.  15  is  shown  the 
'f  surface  resulting  from  the  use  of  an  enamel  hatchet.  This  shows  a  lack  of  uni- 

pj  formity  over  the  area  and  perhaps  illustrates  also  that  the  skill  of  the  operator 

f  in  the  use  of  the  instrument  is  an  important  factor  in  developing  a  good  sur- 
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face  in  the  cavity.  In  Fig.  16  is  shown  another  cavity  wall  shaped  with  the 
same  instrument.  While  some  improvement  is  shown  in  the  surface  condition 
of  the  cavity  wall,  it  is  less  smooth  than  that  resulting  from  a  fissure  bur.  The 
accessibility  of  the  cavity  to  the  application  of  the  instrument  may  modify  to 
some  degree  the  results  of  different  operators,  but  in  general  the  hand  instru¬ 
ments  do  not  seem  to  present  a  superior  surface  to  that  resulting  from  rotary 
instruments.  This  agrees  in  general  with  the  observations  of  Street. 

SUMMARY 

A  method  suitable  for  examining  the  cavity  walls  of  the  extracted  tooth 
has  been  presented.  This  method  consists  of  shadowing  the  tooth  surface  with 
a  thin  film  of  copper  or  other  metal  to  make  the  tooth  less  translucent.  This 
operation  permits  the  examination  of  the  cut  surface  by  reflected  light  at  various 
magnifications. 

Results  are  presented  from  the  use  of  different  cutting  instruments  to  cut 
tooth  tissue.  Little  difference  in  results  can  be  observed  from  different  speeds 
of  rotation,  or  from  using  the  instrument  wet  or  drj%  when  the  cut  surface  is 
examined  macroscopically.  A  difference  between  burs,  carborundum  stones,  and 
various  diamond  instruments  is  evident. 
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School  of  Dentistry,  University  of  Minnesota,  Minneapolis,  Minn. 

This  paper  is  intended  to  be  a  follow-up  study  on  earlier  experiments  to 
determine  the  fluid  penetration  around  amalgam  and  gold  fillings  that 
were  placed  in  green  teeth.  The  results  of  those  earlier  experiments  seemed 
to  indicate  that  amalgams  produced  the  least  marginal  penetration. 

In  this  study  12  teeth,  which  were  extracted  at  the  University  of  Minne¬ 
sota  during  the  summer  of  1953,  were  used.  The  teeth  all  contained  amalgam 
or  gold  restorations  which  had  been  in  use  by  patients  for  varying  lengths 
of  time  up  to  seven  years.  ITpon  extraction  the  teeth  were  stored  in  a  solution 
of  physiological  saline  and  thymol  at  6°  C.  until  the  12  were  collected. 

The  radiocalcium*  used  was  in  the  form  of  calcium  chloride  in  a  weak 
hydrochloric  acid  solution  that  was  neutralized.  This  solution  was  used  with 
a  neutral  normality  to  avoid  any  possible  dissolution  or  weakening  of  the 
tooth  structure  by  acid.  The  specific  activity  of  the  material  was  80  microcuries 
per  gram  calcium.  The  concentration  of  (^a^*  used  was  approximately  1  million 
eounts/min./c.c.  according  to  our  counting  methods.  This  was  approximately 
6.76  mg.  Ca/c.c, 

The  roots  of  the  teeth  which  had  been  stored  in  physiological  saline  solu¬ 
tion  were  covered  with  a  plastic  coating  (fingernail  polish)  and  the  crowns 
were  immersed  in  the  neutralized  solution  containing  Ca*®  for  24  hours.  When 
removed  from  the  solution,  the  teeth  were  washed  and  brushed  under  running 
distilled  water  to  eliminate  any  radiocalciutn  that  had  not  penetrated  the 
tooth.  The  teeth  were  then  embedded  in  methyl  methacrylate  resin  and  sec¬ 
tioned  through  the  fillings.  The  exposed  surfaces  were  ground  smooth,  and 
the  sections  were  placed  on  film. 

Much  time  has  been  spent  preparing  radioautographs  on  various  sensi¬ 
tized  films  and  plates  to  find  the  most  suitable  type  emulsion  for  this  work. 
Of  the  various  nuclear  track  plates  available  from  Eastman,  the  most  satis¬ 
factory  for  this  wH)rk  seems  to  be  the  Kodak  Nuclear  Track  Plates  type  NTB-2 
with  10  micron  emulsion  thickness  and  an  anti-abrasive  coating.  This  type 
of  plate  gives  a  very  clear  image  without  background  fog  if  it  is  used  in  com¬ 
plete  darkness.  Its  main  advantage  is  that,  because  of  its  extremely  small 
grain  size,  an  enlarged  print  can  be  made  from  it  or  it  can  be  observed  under 
a  microscope  without  loss  of  definition. 

•The  radiocalcium  used  was  obtained  from  the  Oak  Ridge  Nationai  Laboratory  on  ailo- 
cation  from  the  United  States  Atomic  Energy  Commission  by  Dr.  Armstrong,  heaA  of  the 
University  of  Minnesota's  Department  of  Physiologicai  Chemistry  and  was  furnished  under 
supervision  for  this  investigation. 

Received  for  pubiication  March  11,  1955. 
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It  does  have  quite  a  few  disadvantages,  however.  It  is  available  only  on 
special  order  from  Eastman,  its  shelf  life  is  very  short,  and  probably  its 
greatest  disadvantage  is  the  long  exposure  time  necessary.  Thirty-  and  forty- 
five-day  exposures  are  not  unusual  and  since  the  only  way  to  establish  the 
necessary  exposure  time  for  any  particular  need  is  by  trial,  using  this  plate 
can  be  a  very  time-consuming  procedure. 

For  this  type  of  study  it  is  suggested  that  Eastman  No-screen  X-ray  film 
be  used.  It  is  cut  to  the  size  of  small  supporting  pieces  of  masonite,  pressed 
wood,  or  any  stiff  material  about  2V^  by  31/2  by  M  inches.  If  the  specimen  is 
bound  to  this  support  with  rubber  bands  having  the  film  sandwiched  between, 
movement  of  specimen  or  film  during  the  exposure  time  is  eliminated,  which 
ensures  sharp  outlines  on  the  radioautograph.  This  film  is  easier  to  work 
with,  will  need  a  much  shorter  exposure  time  (from  16  to  66  hours,  usually), 
and  for  most  purposes  will  give  a  very  satisfactory  radioautograph. 

Specimens  and  film  were  placed  in  a  metal  container  and  set  aside  during 
the  exposure  time  after  the  top  was  sealed  with  photographic  tape. 

Since  Ca^®  is  a  soft  emitter  with  an  average  beta  particle  energy  of  0.26 
Mev  and  has  no  gamma  radiation,  very  thin  materials,  such  as  a  pyrex  beaker, 
will  be  a  shield  against  the  radiation.  Therefore,  no  extreme  precautions  are 
necessary  to  guard  against  radiation  damage.  Ordinary  precise  laboratory 
procedures  can  be  safely  followed.  However,  all  pipetting  must  be  done  with 
automatic  pipettes,  a  steel  workbench  top  is  used  so  any  spill  can  be  wiped  up, 
and  all  waste  is  kept  for  6  months  before  it  can  be  safely  disposed  of  in  an 
incinerator. 

AUTORADIOGRAPHS 

Fig.  1  is  a  section  through  the  lingual  side  of  a  lingual  occlusal  amalgam 
filling.  The  filling  was  about  4  months  old  at  the  time  of  extraction.  Pene¬ 
tration  of  solution  carrying  Ca*®  is  readily  apparent,  particularly  tow’ard  the 
mesial  where  there  is  evidently  some  injury  of  the  enamel  at  the  margin  of  the 
filling. 

Fig.  2  shows  a  large  MOD  inlay  in  an  upper  second  molar.  There  was 
penetration  entirely  around  and  underneath  this  filling,  particularly  at  gin¬ 
gival  margins. 

Fig.  3  shows  a  mesial  occlusal  amalgam  filling  placed  in  an  upper  first 
molar  showing  very  little  penetration  of  the  Ca^®.  The  tooth  was  lost  due  to 
a  carious  lesion  on  the  distal  side  of  the  tooth. 

Fig.  4  is  a  section  through  2  amalgam  fillings  on  an  upper  second  molar. 
Penetration  around  the  amalgam  filling  on  the  mesial  occlusal  is  only  slight. 
The  penetration  around  the  buccal  occlusal  amalgam  filling  is  interesting  in 
that  it  shows  a  tremendous  penetration  around  the  cement  base  under  the 
amalgam.  This  is  the  usual  type  of  penetration  found  around  cement  fillings 
or  cement  bases.  Part  of  the  amalgam  filling  w'as  broken  out  behind  this 
area  so  the  Ca“  could  enter  the  cement  there  quite  easily. 


Voluiii*35  FLUID  PENETRATION  BETWEEN  FILLINGS  AND  TEETH  USING  CA«  521 

Number  4 


Fig.  5  is  a  section  through  mesial  occlusal  inlay  placed  Jan.  24, 1947.  The 
tooth  was  extracted  on  June  8,  1953.  This  seems  to  have  been  quite  a  good 
restoration  as  far  as  penetration  is  concerned  since  a  longer  than  average 
exposure  was  necessary  to  show  this  penetration. 

The  filling  shown  in  Fig.  6  was  an  amalgam  in  a  lower  second  molar.  The 
tooth  was  an  extremely  poor  risk  at  the  time  of  the  filling,  and  was  extracted 
only  several  weeks  after  the  insertion  of  the  filling. 

Fig.  7  is  a  radioautograph  of  a  section  through  the  gingival  portion  of  a 
lower  second  molar  showing  adaptation  of  a  gingival  buccal  and  a  gingival 
lingual  filling.  The  fillings  were  about  three  years  old,  and  there  were  recur¬ 
rent  caries  around  the  gingival  lingual  filling  shown  at  the  bottom  of  the 
illustration.  Fig.  8  is  a  photomacrograph  of  the  same  section. 

Fig.  9  is  a  section  through  a  lingual  occlusal  amalgam  filling  in  an  upper 
first  molar.  The  filling  is  obviously  well  adapted  and  shows  only  a  small 
amount  of  penetration. 

Fig.  10  shows  a  mesial  occlusal  distal  amalgam  filling  showing  quite  ex¬ 
tensive  penetration  at  the  gingival  on  the  mesial.  There  was  a  considerable 
amount  of  penetration  around  the  cement  base. 

Fig.  11  is  of  an  MOD  inlay  placed  about  seven  years  before  the  tooth  was 
extracted  to  prepare  the  mouth  for  full  dentures.  Doth  the  mesial  and  distal 
gingival  steps  show  rather  large  amounts  of  penetration. 

Fig.  12  shows  an  MOD  gold  inlay  in  an  upper  second  bicuspid.  The  his¬ 
tory-  is  the  same  as  for  the  inlay  in  Fig.  11. 

The  obvious  question  must  be  asked — Why  do  fillings  last  as  well  and  as 
long  as  they  do  with  the  apparent  ease  of  fluid  penetration  around  them? 
What  takes  place  between  the  teeth  and  the  fillings  to  prevent  recurrent 
caries  ? 

SUMM.\RY 

An  earlier  study  using  radioactive  calcium  and  fillings  of  various  types 
in  green  teeth  showed  obvious  penetration  around  all  types  of  fillings.  Specu¬ 
lation  on  this  finding  would  naturally  lead  one  to  wonder  why  fillings  perform 
as  well  as  they  do  for  long  periods  of  time  when  it  is  obvious  solutions  pene¬ 
trate  between  the  filling  and  the  teeth  quite  easily.  The  purpose  of  this  study 


Fig.  1. — Lingual  side  of  LiOamalgam. 

Fig.  2. — Buccal  side  of  MOD  amalgam. 

Fig.  3. — Buccal  side  of  MOLl  amalgam. 

Fig.  4. — Cement  liner  under  amalgam  on  right. 

Fig.  5. — MO  inlay. 

Fig.  6. — Amalgam  placed  temporarily.  Tooth  was  to  have  been  crowned. 
Fig.  7. — Bu  amalgam.  Lingual  Ailing  had  recurrent  carles. 

Fig.  8. — Photomacrograph  of  tooth  section. 

Fig.  9. — Amalgam  Allings,  tooth  believed  to  be  gangrenous.' 

Fig.  10. — MOD  amalgam. 

Fig.  11.— Gold  Inlay. 

Fig.  12. — Gold  inlay. 
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was  to  recover  fillings  that  had  been  in  service  to  determine  whether  or  not 
solutions  would  penetrate  around  these  fillings  after  they  had  been  in  service 
in  the  oral  cavity  as  readily  as  around  the  fillings  placed  in  green  teeth.  It 
can  be  concluded,  at  least  from  these  radioautographs,  that  service  in  the  oral 
cavity  has  certainly  not  made  these  fillings  less  susceptible  to  fiuid  penetra¬ 
tion. 


IN  VITRO  CULTIVATION  OF  RAT  MOLAR  TOOTH  GERMS.  II 

WILLIAM  LEFKOWITZ  AND  PATRICIA  SWAYNE 
College  of  Dentistry,  The  Ohio  State  University,  Columbus,  Ohio. 

The  period  of  development,  reported  to  date,  limits  the  use  of  the  in  vitro 
cultivation  of  tooth  germs  as  an  experimental  method.^*®  Variations  in 
technic  and  media  are  presently  under  investigation  to  establish  a  procedure 
which  will  provide  a  longer  period  of  development. 

The  Carrel  flask*®  presents  a  versatile  method  which,  in  exploring  the 
predilection  of  organized  growth,  lends  itself  to  effective  pursuit  of  the  prob¬ 
lem.  One  variation  in  technic  is  to  plant  the  tooth  germ  either  “in”  or  “on” 
the  plasma  coagulum.  The  growth,  development,  and  survival  of  “in  the  clot” 
cultivation,  which  has  already  been  reported,®  may  be  compared  with  the 
present  study  of  “on  the  clot”  cultivation  which  permits  the  explant  to  be 
exposed  to  the  supernatant  nutritional  fluid  without  its  diffusing  through  the 
clot.  Explants  cultured  “on  the  clot”  exhibited  greater  development  of  the 
ectodermal  elements,  for  the  same  period  of  cultivation,  than  occurred  in  “in 
the  clot”  studies. 

MATERIALS  AND  METHODS 

Forty-seven  tooth  germs  were  cultivated  “on  the  clot”  to  determine 
growth,  development,  and  survival  for  comparison  with  “in  the  clot”  cultiva¬ 
tion  using  similar  explants  and  media.® 

All  explants,  dissected  from  nineteen-day  rat  embryos,  were  derived  from 
Rockland  albino  rats.®  **  The  tooth  germs  contained  the  enamel  organ,  dental 
papilla,  and  follicular  wall.  Chicken  plasma  was  obtained  in  the  frozen  state. 
Tyrodes  solution  and  rat  embryo  extract  were  prepared  as  previously  de¬ 
scribed.*®  The  1  c.c.  coagulum  used  for  each  explant  consisted  of  3  parts 
chicken  plasma  and  1  part  of  25  per  cent  rat  embryo  extract.*®  The  1.5  c.c, 
supernatant  fluid  contained  1  part  of  25  per  cent  rat  embryo  extract  and  3 
parts  of  Tyrodes  solution. 

The  tooth  germs,  dissected  from  3  litters  of  embryos,  were  planted  “on  the 
clot.”  The  supernatant  fluid  and  the  plasma  coagulum  contained  .005  per 
cent  phenol  red  and  were  adjusted  to  pH  7.6.  No  transfers  were  made.  At 
four-day  intervals,  all  cultures  were  washed  with  Tyrodes  solution  for  two 
hours  and  fresh  supernatant  fluid  was  added.  Observations  were  made  every 
four  days  and  the  explants  were  photographed  at  that  time.  Specimens  were 
taken  at  intervals  of  four  days  to  record  growth,  development,  and  survival. 
The  maximum  period  of  culture  was  twenty  days  for  comparison  with  previous 
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results  of  “in  the  clot”  culture.  Seven  explants  were  cultured  for  four  days 
each,  16  for  eight  days,  14  for  twelve  days,  7  for  sixteen  days,  and  3  for 
twenty  days.  The  histologic  technic  was  similar  to  that  previously  used.® 

RESULTS 

Observations  made  during  cultivation  were  concerned  with  growth,  mor¬ 
phology,  translucency  or  opacity  of  the  explant,  and  outgrowth  characteristics. 
Cultivation  was  terminated  at  four-day  intervals  up  to  twenty  days  for  histo¬ 
logic  examination,  which  provided  additional  information  on  survival,  dif¬ 
ferentiation,  growth,  and  development.  These  findings,  correlated  with  a 
table  of  development  in  vivo,^®  established  the  amount  of  development  obtained 
in  vitro. 

GROSS  OBSERVATIONS 

Immediately  upon  planting,  the  tooth  germs  presented  an  opaque,  egg- 
shaped  mass.  Twenty-four  hours  later  they  became  sufficiently  translucent  to 
permit  recognition  of  the  tooth  germ  elements.  At  four  days  the  translucency 
permitted  photography  of  growth  and  development  (Figs.  1,  2,  and  3). 

After  sixteen  days,  the  tooth  germs  deviated  from  the  usual  pattern,  be¬ 
came  opaque  and  no  further  gross  observations  of  the  elements  were  possible 
(Figs.  l,,Eand  2,E). 

Observations  of  growth  were  made  exclusive  of  the  outgrowth.  In  all 
cases,  there  was  an  increase  in  size  of  the  original  explant  up  to  sixteen  days 
(Figs.  1,  2,  and  3).  The  rate  of  growth  was  most  rapid  during  the  first  eight 
days,  diminishing  thereafter.  At  sixteen  days,  when  the  explant  became 
opaque,  it  also  diminished  in  size  over  the  maximum  growth  (Figs.  1,  E  and 
2,E). 

Observations  of  development  depended  upon  orientation  of  the  tooth  germ 
“on  the  clot.”  In  most  cases  it  was  possible  by  gross  examination  to  recognize 
the  preameloblast  layer,  formation  of  predentin,  and  the  development  of  cusp 
outline  at  the  future  dentinoenamel  junction  (Figs.  2,  C  and  3,  A). 

The  outgrowth  which  appeared  twenty-four  hours  after  planting  con¬ 
sisted  mostly  of  fibroblasts  with  some  epithelium  in  the  area  of  the  severed 
lamina  and  neck.  At  four  days,  there  was  profuse  outgrowth  (Figs.  1,  2,  and 
3).  The  rapidly  proliferating  cells  persisted  for  approximately  twelve  days,  at 
which  time  large,  round  monocyte-like  cells  appeared  in  the  area  (Figs.  2,  C,  14, 
and  15).  Liquefaction  of  the  clot  and  cytolysis  of  the  outgrowth  followed  the 
appearance  of  the  monocyte-like  cells  (Figs.  1,  E,  2,  E,  and  15).  The  process 
was  progressive ;  the  monocyte-like  cells  accumulating  at  the  periphery  of  the 
digested  areas.  At  twenty  days,  scattered  fibroblasts  again  radiated  from  the 
tooth  germ  as  a  new  outgrowth  (Fig.  1,  E).  The  process  of  liquefaction  was 
limited  to  the  outgrowth  and  did  not  involve  the  tooth  germ  (Fig.  E). 

In  removing  the  explants  from  the  fiasks  it  was  observed  that  most  of  the 
tooth  germs  had  lost  their  egg-shaped  morphology  and  were  biconvex.  This 
phenomenon  occurred  as  early  as  four  days  after  planting,  although  in  isolated 
cases  the  tooth  germ  retained  its  normal  morphology. 
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Kitf.  1. — Ninteen-day  rat  embryo  tooth  germ  explant.  A.  one  day  in  flask;  B,  eight  days; 
C,  tweive  days;  D,  sixteen  days;  E,  twenty  days.  Note:  Monocytes  and  liquefaction  of  clot 
and  outgrowth.  I).  Arrow  points  to  new  outgrowth,  E.  Liquefaction  did  not  effect  tooth  germ. 
Note  opacity  of  explant,  E.  (Orig.  mag.  X35;  reduced 

Fig.  2. — Ninteen-day  rat  embryo  tooth  germ  explant.  A,  one  day  in  flask;  B,  four  days; 
C,  eight  days ;  D,  twelve  days ;  E,  sixteen  days.  Note ;  Dentin  cusp  outline,  B,  C.  Monocytes 
and  opacity  of  explant,  E.  (Orig.  mag.  X35;  reduced  %.) 

Fig.  3. — Nineteen-day  rat  embryo  tooth  germ  well  oriented  in  flask.  A,  one  day ;  B,  four 
days.  Note:  Cusp  outline  at  dentinoenamel  Junction.  (Orig.  mag.  x35 ;  reduced  %. ) 
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HISTOLOGIC  RESULTS 

Fig.  4  illustrates  the  development  of  a  nineteen-day  rat  embryo  tooth  germ 
after  four  days’  cultivation  on  the  clot.  Dedifferentiation  of  the  cells  of  the 
outer  tunic  and  the  proliferation  of  fibroblasts  into  the  central  cell  area  of  the 
enamel  organ  indicates  normal  development  (Fig.  5).  Reversal  of  polarity  of 
the  preamelohlasts  had  occurred  in  the  areas  of  first  apposition.  The  cell-free 
zone  at  the  periphery  of  the  papilla,  and  beginning  differentiation  of  odonto¬ 
blasts  at  the  dentin  cusp  tijis  was  evident.  Differentiation  of  odontoblasts  was 
incomplete.  Four  days  of  in  vitro  culture  produced  between  one  and  two  days 
of  in  vivo  development. 

Eight  days  of  cultivation  (Fig.  6)  resulted  in  a  flat  specimen  in  which 
the  dentin  cusp  outline  was  obvious,  hut  underdeveloped.  The  outer  tunic 
had  dedifferentiated.  The  central  cell  area  of  the  enamel  organ  was  partially 
occupied  with  fibroblasts,  and  the  jiresence  of  dividing  preamelohlasts  indi¬ 
cates  the  directional  potential  toward  cusj)  formation  at  the  dentinoenamel 
junction  (Fig.  7).  Differentiation  of  the  stratum  intermedium  had  begun.” 
The  presence  of  the  cell-free  area  and  odontoblasts  in  addition  to  the  develop¬ 
ment  of  the  enamel  organ  establish  the  in  vitro  development  to  lie  equivalent 
to  that  found  at  birth. 

Fig.  8  illustrates  the  development  observed  after  twelve  days  of  cultiva¬ 
tion.  Desjiite  the  flat  siiecimen,  the  iiredetermination  to  achieve  cusp  forma¬ 
tion  at  the  dentinoenamel  junction  was  evident.  The  outer  tunic  had  de¬ 
differentiated  and  the  presence  of  fibrous  ti'-sue  in  the  central-cell  area  of 
the  enamel  organ  .suggests  postnatal  development  (Fig.  9).  Mitosis  of  the 
preamelohlasts  is  active  while,  in  other  areas,  elongation  and  the  presence  of 
terminal  bars  may  he  seen  (Fig.  9).  The  development  of  the  papilla  failed 
to  keep  pace  with  that  of  the  enamel  organ  which  showed  approximately  one 
day  of  postnatal  develoiunent.  There  was  no  advance  over  the  result  of  eight 
<lays  of  culture  in  the  peripheral  fibroblasts  of  the  papilla.  No  degeneration 
had  occurred. 

After  sixteen  days  of  cultivation,  changes  in  the  enamel  organ  were 
manifested  in  the  outer  tunic,  which  exhibited  dedifferentiation,  and  replace- 


Fig.  4. — Section  of  tooth  germ  cultivateil  four  days.  (Orig.  mag.  X150:  reduced  %.) 

Fig.  5. — High  magnifleation  of  Fig.  4.  Note  the  dedifferentiatlon  of  outer  tunic  at 

upper  ieft.  (Orig.  mag.  X450:  reduced 

Fig.  6. — Section  of  tooth  germ  cultivated  eight  days.  (Orig.  mag.  X150:  reduced  %.) 

Fig.  7. — High  magnifleation  of  tooth  germ  cultivated  eight  days.  Section  cut  transversely 
through  area  of  dentin  cusp  tip  at  dentinoenamel  junction.  Arrows  point  to  dividing  cells. 
Note  tlie  differentiating  odontoblasts  at  extreme  right.  (Orig.  mag.  X450 :  reduced  %.) 

Fig.  8. — Section  of  tooth  germ  cultivated  twelve  days.  (Orig.  mag.  X150:  reduced  %.) 

Fig.  9. — High  magnifleation  of  Fig.  8.  Note  the  flbroblasts  in  central  cell  area  ami 
dividing  cells  of  inner  enamel  epithelium.  Arrow  points  to  terminal  bars.  Odontoblasts  have 
failed  to  <lifferentiate.  (Orig.  mag.  X450;  reduced  %.) 

Fig.  10. — Section  of  tooth  germ  cultivated  sixteen  days.  (Orig.  mag.  XI 50;  reduced  %.) 

Fig.  11. — High  magnifleation  of  Fig.  10.  Note  the  dedifferentiated  outer  tunic  and 
flbroblasts  in  central-cell  area.  Arrow  points  to  terminal  bars  and  Tomes  processes.  Periph¬ 
eral  flbroblasts  are  undifferentiated.  (Orig.  mag.  X4i>0;  reduced  %. ) 
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ment  of  the  central  cells  with  fibroblasts  (Figs.  10  and  11).  Elongation  of  the 
preameloblasts,  formation  of  terminal  bars,  and  Tomes  processes  also  occurred 
(Fig.  11).  The  stratum  intermedium  differentiated  into  cuboidal  epithelium. 
Changes  in  the  papilla  were  equivalent  to  that  observed  at  eight  days  of 
cultivation.  As  observed  in  the  twelve-day  specimen,  the  enamel  organ  con¬ 
tinued  to  develop  and  the  papilla,  though  viable,  failed  to  advance. 

Fig.  12  illustrates  the  development  at  twenty  days  of  cultivation.  The 
specimen  was  flat  and  the  sections  showed  a  normal  attempt  toward  cusp 
formation.  The  morphologic  development  is  equivalent  to  that  observed  one 
day  after  birth  at  which  time  the  entire  crown  is  outlined.  The  outer  tunic 
presented  epithelial  rests  between  which  fibroblasts  of  the  follicle  penetrated 
to  occupy  the  central-cell  area  of  the  enamel  organ  (Fig.  12).  Epithelial  pearl 
formation  had  also  occurred  in  the  area  of  the  outer  tunic.  The  inner  cells 
of  the  stratum  intermedium  had  differentiated  into  the  cuboidal  form  (Fig. 
13),  and  the  inner  enamel  epithelium  elongated  particularly  in  the  areas 
lateral  to  the  cusp  tip  at  the  dentinoenamel  junction  (Fig.  13).  Differentia¬ 
tion  of  the  peripheral  cells  of  the  papilla  was  retarded,  showing  no  more 
development  than  the  eight-day  cultures  (Fig.  13).  The  developmental  rela¬ 
tion  of  ameloblast  and  odontoblast  as  observed  in  vivo^^  had  failed  to  occur. 

DISCUSSION 

The  study  of  “on  the  clot”  cultivation  of  tooth  germs  presents  another 
method  of  culturing  the  explant,  using  the  Carrel  flask  technic.  In  evaluating 
the  results,  two  controls  were  used.  The  results  of  “on  the  clot”  cultivation® 
provided  a  means  of  comparison  for  the  two  methods,  and  the  odontogenesis  of 
the  rat  molar  provided  the  chronologic  standards  used  to  evaluate  develop¬ 
ment.*^ 

Observations  of  growth  and  development  are  possible  only  when  the  ex¬ 
plant  is  translucent.  Both  “in”  and  “on  the  clot”  cultures  are  opaque  upon 
planting  and  within  four  days  become  sufficiently  translucent  to  exhibit  the 
tooth  germ  elements.  In  “in  the  clot”  cultivation,  the  translucency  persisted 
for  the  twenty-day  period  of  cultivation.  When  cultivated  “on  the  clot,”  the 
explant  was  translucent  from  the  fourth  to  the  sixteenth  day  at  which  time 
the  tooth  germ  became  opaque  and  remained  so  until  the  specimens  were 
taken  at  twenty  days  (Figs.  1  and  2).  There  is  no  present  indication  of  the 
cause  for  the  opacity  found  at  sixteen  days  in  “on  the  clot”  cultivation. 

Rapid  growth  and  development  occurred  in  “in  the  clot”  cultivation  using 
both  chick  and  rat  embryo  extract**’  ® ;  and  also,  in  this  investigation,  this  find¬ 
ing  suggests  that,  at  the  time  of  planting,  the  cells  possessed  a  residual  growth 
potential  unquestionably  provided  by  optimum  nutritional  media  and  environ¬ 
ment  in  vivo,  and  that,  after  planting,  the  environment  and  media  are  inade¬ 
quate. 

Gross  observations  of  the  living  tooth  germ  offer  a  means  of  recording 
growth  and  development.  From  subjective  and  photographic  records,  it 
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Observations  of  development  were  possible  during  the  twelve-day  period 
of  translueency,  depending  on  the  orientation  of  the  explant  in  the  coagulum. 
The  results  were  best  when  the  tooth  germ  was  planted  on  its  buccal  or 
lingual  surface  (Fig,  3).  Unfortunately,  it  is  impossible  to  orient  the  explant 


Fig.  12. — Nirieteen-day  rat  embryo  molar  tooth  germ  cultivated  20  days.  Normal  mor¬ 
phology.  Outer  tunic  shows  epithelial  remnants  and  pearl  formation.  Central-cell  area  is 
occupied  by  flbroclnsts.  Preamelobiasts  are  elongated.  No  odontoblasts  are  present.  (Orig. 
mag.  XlSO;  reducjed  %.) 

Fig.  13. — Hifeh  magniflcation  of  Fig.  12.  Arrow  points  to  differentiated  cells  of  stratum 
intermedium,  rolarity  of  preameloblast.®  reversed.  No  odontoblasts  In  papilla.  (Orig.  mag. 
X450;  reduced  %,) 

Fig.  14. — Monocytes  and  flbroblasts  in  outgrowth.  Twelve  days’  cultivation.  Photo¬ 
graphed  in  flask.  (Orig.  mag.  X430;  reduced  %.) 

Fig.  15. — Sefction  of  coa^lum  with  monocytes.  Note  liquefaction  of  plasma  and  mono¬ 
cytes  in  situ.  (Orig.  mag.  X450 ;  reduced  %.) 


appeared  obvious  that  growth  occurred  until  the  sixteenth  day  of  cultivation 
(Figs.  1  and  2).  This  finding  was  verified  by  histologic  observation  of  dividing 
cells  in  the  proliferative  zone,  which  is  a  manifestation  of  the  normal  growth 
pattern  of  rat  molar  tooth  germs.'’*  The  apparent  decrease  in  size  found  in 
the  latter  stages  c|f  cultivation  cannot  be  explained.  It  is  interesting  to  point 
out  that  even  thobgh  shrinkage  did  occur,  there  was  no  degeneration  present 
in  the  tooth  germsi  after  twenty  days  of  cultivation. 


through  the  neck  of  the  flask.  A  variation  in  equipment,  now  under  considera¬ 


tion,  may  facilitate  observations  of  development.  Specimens  fortuitously 


oriented  made  it  possible  to  observe  changes  in  the  tooth  germ  elements,  the 


most  dramatic  being  the  outline  of  the  dentinoenamel  junction,  which  is  a 


yardstick  in  development  of  the  explant.'* 
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“On  the  clot”  cultivation  exhibited  a  marked  difference  in  the  survival 
of  the  outgrowth.  The  outgrowth  in  “in  the  clot”  cultivation  survived  for 
the  entire  period  of  the  experiment.®  In  the  present  study,  the  fibroblasts  of 
the  outgrowth  continued  to  multiply  for  approximately  twelve  days  (Figs.  1 
and  2).  At  this  time,  there  appeared  in  the  area  of  the  outgrowth  numerous 
monocyte-like  cells  which  seemed  to  have  migratory  potentialities  (Figs.  1,  2, 
14,  and  15).  The  monocyte-like  cells  seemed  to  originate  from  the  follicle  and 
migrated  to  the  periphery  of  the  outgrowth.  Coincidental  with  their  appear¬ 
ance,  large  areas  of  liquefaction  appeared,^’  ^  and  the  monocyte-like  cells  con¬ 
centrated  at  the  periphery  of  the  digested  clot.  The  process  was  progressive, 
and  between  sixteen  and  twenty  days  almost  the  entire  outgrowth  and  co- 
agulum  surrounding  the  tooth  germ  was  liquefied.  The  transition  of  fibro¬ 
blasts  into  macrophages  has  been  reported.*®  It  is  significant  that  only  the 
outgrowth  and  not  the  original  explant  was  lysed.  It  was  impossible  to  deter¬ 
mine  whether  the  cells  of  the  outgrowth  had  undergone  senescense  and  death 
prior  to  the  appearance  of  the  monocyte-like  cells.  If  this  were  so,  it  is  likely 
that  differentiation  or  formation  of  monocyte-like  cells  may  have  been  asso¬ 
ciated  with  a  chemotactic  activity.  The  observation  indicates  that  the  fibro¬ 
blasts  of  the  outgrowth  were  viable  at  the  time  the  monocyte-like  cells  .appeared 
in  the  area  (Figs.  2,  C  and  14).  The  reappearance  of  fibrobla.stic  outgrowth  at 
twenty  days  of  cultivation  suggests  continuing  this  phase  of  investigation  for 
longer  periods  of  time. 

A  previous  observation  that  the  follicular  wall  preserves  the  gross  mor¬ 
phology  of  the  explanted  tooth  germ*  is  not  substantiated  by  this  study.  The 
follicular  wall  was  left  intact  in  all  cases  and  the  majority  of  explants  became 
flat  after  four  days  in  the  flask.  This  morphologic  alteration  did  not  seem  to 
impair  growth  and  development. 

Previous  investigation  has  established  that  rat  embryo  extract  is  a  desirable 
nutrient  medium  if  measured  by  survival.®  The  use  of  chick  embryo  extract  re¬ 
sulted  in  degeneration  of  the  papilla  and  odontoblasts  after  the  first  few  days  of 
cultivation,®’  ®  and  the  ectodermic  elements  showed  greater  survival  potential 
than  the  mesodermic.®  In  previous  and  present  studies,  all  explants  survived 
the  arbitrarily  chosen  period  of  twenty  days.  Losee®  reported  on  seventy-eight 
days  of  cultivation  of  tooth  germ  in  which  the  tissues  remained  viable.  Szabo’s® 
findings  on  survival  are  at  variance  with  other  investigators’  results.  However, 
the  materials  and  methods  used  in  his  investigations  were  not  similar  to  those  of 
other  workers  in  the  field.  At  present,  using  rat  embryo  extract,  survival  pre¬ 
sents  no  major  problem. 

The  relationship  between  survival  and  development  requires  further  ex¬ 
amination.  In  this  experiment,  the  pattern  of  development  was  not  harmonious 
with  survival.  Development,  like  growth,  was  most  rapid  in  the  first  period  up 
to  twelve  days  of  cultivation.  Considering  the  residual  nutritional  media  pres¬ 
ent  at  the  time  of  planting,  the  concept  that  dilute  media  is  conducive  to  de¬ 
velopment  requires  further  examination. 
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The  results  of  “on  the  clot”  cultivation  as  reported  herein  cast  doubt 
upon  the  organizer  relationship  of  the  inner  enamel  epithelium  and  the  odonto¬ 
blastic  layer.  It  is  generally  accepted  that  the  enamel  organ,  and  specifically 
the  ameloblasts,  exert  an  organizer  influence  on  the  peripheral  fibroblasts  of 
the  papilla  causing  their  differentiation  into  odontoblasts.  The  formation  of 
the  first  layer  of  dentin  is  also  presumed  to  influence  amelogenesis.^*  These 
opinions  have  been  supported  by  observations  in  tissue  culture  and  trans¬ 
plantation  studies.*’  ®’  In  a  recent  report  on  the  odontogenesis  of  the 

rat  molar,  it  was  established  that  even  though  odontoblast  and  dentin  forma¬ 
tion  occurs  at  the  cusp  tip,  differentiation  of  the  stratum  intermedium  does 
not  occur,  and  no  enamel  forms  in  this  area,^*  The  present  study  easts  further 
doubt  on  the  concept  that  the  presence  of  dentin  is  essential  to  functional 
differentiation  of  the  ameloblasts.  The  present  study  also  weakens  the  con¬ 
cept  of  organizer  influence  of  the  inner  enamel  epithelium  on  the  odonto¬ 
blasts.  In  the  present  study,  the  development  of  ectodermic  and  mesodermic 
elements  of  the  tooth  germ  was  inharmonious.  There  was  unquestionably 
greater  development  of  the  inner  enamel  epithelium  than  of  the  peripheral 
fibroblasts  of  the  papilla  (Figs.  7,  9,  11,  and  13).  While  in  most  cases  develop¬ 
ment  of  the  ameloblasts  proceeded  to  a  postnatal  stage,  the  development  of 
odontoblasts  remained  in  a  prenatal  stage.  Elongation  of  the  ameloblasts. 
followed  by  formation  of  terminal  bars  and  Tomes  processes,  progressed  with¬ 
out  differentiation  of  odontoblasts  and  the  formation  of  predentin  in  the 
same  area.  Attempts  to  understand  the  lack  of  harmony  in  development  and 
the  failure  to  follow  the  in  vivo  pattern  may  be  attributed  to  nutritional  ab¬ 
normality  and  the  need  for  its  diffusion  into  the  deeper  parts  of  the  explant. 
On  the  other  hand,  the  nutritional  needs  of  both  tissues  may  be  different  or 
require  a  delicate  balance.  In  vivo,  epithelium  undergoes  the  complete  cycle 
of  cytomorphosis  in  the  presence  of  tissue  fluid  whereas  mesodermic  elements 
require  a  direct  blood  supply.  Should  this  be  the  case,  the  failure  of  differen¬ 
tiation  and  apposition  of  mesodermic  tissue  may  be  attributed  to  nutritional 
deficiency.  This  observation  of  nonparallel  development  seriously  impairs  the 
concept  that  stages  in  the  cytomorphosis  of  the  ameloblasts  are  dependent 
upon  the  formation  of  dentin.  As  previously  noted,  the  presence  of  dentin 
does  not  necessarily  cause  functional  differentiation  of  the  ameloblasts'*  and, 
under  the  conditions  of  this  experiment,  maturation  of  the  ameloblasts  occurred 
without  differentiation  of  odontoblasts.  The  factor  which  remained  constant 
in  both  studies  is  the  differentiation  of  the  stratum  intermedium  which  further 
suggests  its  role  as  the  organizer  of  the  ameloblasts. 

CONCLUSION 

“On  the  clot”  cultivation,  using  the  same  media  as  “in  the  clot”  cultiva¬ 
tion,  shows  an  advance  in  development  of  the  enamel  organ.  The  inharmoni¬ 
ous  development  of  ameloblasts  and  odontoblasts  casts  doubt  on  the  present 
concepts  of  organizer  influence  in  odontogenesis.  The  more  rapid  growth  and 
development  observed  in  early  stages  of  development  may  be  attributed  to 
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the  retained  nutritional  media  in  the  tissues  at  the  time  of  planting.  The 
epithelial  elements  of  the  tooth  germ  have  a  greater  growth  and  development 
potential  than  the  fibroblastic  elements  in  vitro. 
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DEVELOPMENT  OF  THE  SQUAMOSO-MANDIBULAR  ARTICULATION 

IN  THE  RAT 

J,  J,  CUNAT,  D.D.S.,  M.S.,  S.  N.  BH ASKAR,  D.D.S.,  Ph.D.,  AND  J.  P.  WEINMANN,  M.I). 

Departments  of  Orthodontia  and  Oral  Pathology,  University  of  Illinois  Dental  School, 

Chicago,  III. 

INTRODUCTION 

Although  the  squamoso-mandibular  articulation  of  the  rat  (and  the 
mouse)  has  been  studied  frequently  in  experimental  investigations,*’  ^  no 
report  exists  on  the  early  development  of  this  joint.  The  purpose  of  the 
present  investigation  was  to  study  the  developmental  changes  in  the  squamoso- 
mandibular  articulation  in  the  rat  from  16  days  insemination  age  to  30  days 
after  birth.  ^ 

REVIFAV  OF  THE  LITER.4TURE 

Collins,  Becks,  Simpson,  and  Evans**  described  briefly  the  changes  in  the 
mandibular  joint  in  female  rats  from  5  days  to  465  days  after  birth.  They 
showed  that  from  5  to  20  days,  the  condylar  process  of  the  mandible  is  conical 
and  consists  of  hyalin  cartilage  covered  by  a  layer  of  fibrous  connective  tissue. 
The  part  of  the  condyle  which  joins  the  mandibular  body  shows  a  zone  of 
erosion  and  osteogenesis.  From  25  days  on,  the  diameter  of  the  cartilage  in¬ 
creases  but  its  height  decreases  and  at  30  days  only  a  thin  layer  of  cartilage 
covers  the  bony  condylar  process.  They  observed  that  the  calcification  of 
condylar  cartilage  prior  to  its  erosion  occurred  only  at  30  days  and  that  both 
the  cartilage  growth  and  replacement  by  bone  are  progressively  slowed  down. 
Uabrini  and  Erausquin®  described  the  anatomy,  histology,  and  physiology  of 
the  squamoso-mandibular  articulation  in  5-  and  6-month-old  rats.  According 
to  these  investigators  the  articular  surface  of  the  zygomatic  process  is  covered 
by  chondroid  cells  which  are  progressively  transformed  into  osteoblasts  and 
osteocytes.  They  showed  that  the  condylar  cartilage  consists  of  zones  .similar 
to  those  seen  in  epiphyseal  cartilages.  The  meniscus  is  formed  by  interwoven 
collagenous  and  elastic  fibers  and  shows  cells  which  resemble  chondrocytes. 
The  peripheral  part  of  the  disc  contains  adipose  tissue.  They  observed  further 
that  due  to  resorption  on  its  inferior  border  and  apposition  on  its  superior 
surface,  the  zygoma  progressively  shifts  upward. 

Levy,*®  studied  the  growth  of  the  mandibular  joint  in  normal  mice  ranging 
in  age  from  birth  to  540  days.  He  stated  that  the  interartieular  disc  is  com- 
l)osed  of  loose  connective  tissue  at  birth  but  with  age  it  becomes  less  cellular 
and  denser.  He  described  the  manner  in  which  the  condylar  cartilage  is  re- 

Thls  investigation  was  supported  in  nart  by  a  research  grant  from  the  National  Institute 
for  Dental  Research  of  the  National  Institute  of  Health,  United  States  Public  Health  Service. 
Received  for  publication  Oct.  22,  1954. 

•Presently  at  Armed  Forces  Institute  of  Pathology,  Washington.  D.  C. 
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placed  by  bone  and  showed  that  the  rate  of  cartilage  growth  and  replacement 
decreased  with  age  but  that  the  cartilage  maintained  its  growth  potential  even 
in  the  oldest  animal. 

AVeinmann®’  ’’  briefly  described  the  condylar  process  of  the  normal  young 
rat  and  reported  the  changes  in  this  structure  in  rickets  and  hyperpara¬ 
thyroidism.  Reference  to  the  prenatal  differentiation  of  the  squamoso-man- 
dibular  articulation  of  the  rat  was  made  by  Bhaskar”  who,  in  discussing  the 
development  of  the  rat  mandible,  mentioned  the  first  appearance  of  the  syno¬ 
vial  cavities  and  early  formation  of  the  articular  disc. 

MATERIAL  AND  METHODS 

The  present  study  is  based  on  a  histologic  investigation  of  complete  serial 
sections  through  the  squamoso-mandibular  joint  of  31  normal  and  30  ia  rats 
ranging  from  16  days  insemination  age  to  30  days  after  birth  (Table  I).  The  ia 
is  a  mutant  strain**  characterized  by  an  absence  or  marked  retardation  of 
physiologic  resorption  of  bone.*®’  *^  This  characteristic  of  the  ia  skeleton  leads  to 
the  accumulation  of  successive  layers  of  bone  formation  and  the  persistence  of 
perichondral  bony  splints  around  cartilages  which  undergo  endochondral  ossifica¬ 
tion.  Thus,  the  growth  pattern  of  bones  and  cartilages  can  be  traced.**’  **’  *® 
The  developmental  changes  in  the  fos.sa,  articular  disc,  capsular  ligament, 
synovial  cavities,  and  the  articular  part  of  the  condylar  process  were  studied 
in  ia  and  in  normal  littermates.* 


Table  I 

Age  and  Number  of  Animals  in  Which  the  Squamoso-Mandibular  Articulation  was 
Studied  in  Serial  Frontal  Sections 


AGE 

ia 

ANIMAL  ! 

NORMAL 

LITTERMATES 

16  days  insemination  age  to  birth 

10 

13 

1-4  days 

8 

3 

5-10  davs 

7 

7 

12-30  days 

5 

8 

Total 

30 

31 

After  sacrifice,  the  heads  of  these  animals  were  fixed  in  5  per  cent  formalin, 
decalcified  in  5  per  cent  nitric  acid,  embedded  in  celloidin,  cut  serially  in  a 
frontal  plane,  and  stained  with  hematoxylin  and  eosin. 

The  age  of  the  specimens  was  determined  as  follows:  (1)  For  animals 
obtained  from  pregnant  females  before  birth,  insemination  age  was  calculated 
from  the  night  of  mating  to  the  day  of  recovery  of  the  fetus.  (2)  For  animals 
from  birth  to  5  days  after  birth,  the  time  of  parturition  was  observed  within 
a  range  of  fifteen  to  thirty  minutes.  (3)  For  animals  older  than  5  days,  age 
calculations  were  made  from  the  forenoon  or  afternoon  of  parturition. 

FINDINGS 

Differentiation  of  the  Squamoso-mandibular  Joint. — The  rat  mandible  begins 
to  ossify  at  16  days  insemination  age  by  the  formation  of  a  bony  plate  lateral 
to  Meckel’s  cartilage.  At  17  days  insemination  age,  the  future  molar  region 
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of  the  mandible  consists  of  2  lateral  and  2  medial  plates  of  bone  which  enclose 
the  alveolar  trough.  At  this  time,  a  sheet  of  cartilage  differentiates  between 
the  2  lateral  bony  plates.  From  this  cartilaginous  sheet,  a  superior  and  an 
inferior  focus  of  cells  proliferates  posteriorly  as  the  condylar  and  angular 
cartilages,  respectively  (Fig.  1).  As  these  rod-shaped  cartilaginous  masses 
extend  posteriorly,  they  diverge  from  each  other  first  in  the  sagittal  and  later 
also  in  the  horizontal  plane. 


Fig.  1. — Frontal  section  through  the  mandibular  ramus  at  17  days  insemination  age. 
The  condylar  cartilage  (CC)  is  enclosed  in  the  bone.  AC,  angular  cartilage;  MC,  Meckels 
cartilage:  M,  molar  tooth  germ.  (Orig.  mag.  X85;  reduced  %.) 

Fig.  2. — Section  through  the  squamoso-mandibular  Joint  at  19  days  insemination  age. 
Note  the  appearance  of  the  first  slit.  C.  S,  squamosal  bone ;  Z,  zygomatic  process  of  the 
squamosal.  (Orig.  mag.  X85:  reduced  %.) 

At  this  stage,  the  posterior  end  of  the  condylar  cartilage  consists  mainly 
of  mesenchymal  cells  and  prechondrocytes,  and  lies  lateral  to  the  future 
alisphenoid.  Between  18  and  19  days  insemination  age,  ossification  of  the 
squamosal  bone  begins  with  the  formation  of  a  bony  plate,  the  squama  (Fig. 
2).  Its  lower  border  overlaps  the  lateral  border  of  the  alisphenoid  and  ex¬ 
tends  from  here  upward  toward  the  parietal  or  lateral  side  of  the  head.  From 
the  squama,  the  zygomatic  process  projects  outward  and  forward.  The  pos¬ 
terior  end  of  the  condylar  cartilage  lies  inferomedially  and  in  close  proximity 
to  the  zygomatic  process  from  which  it  is  separated  by  highly  cellular  mesen¬ 
chyme.  Within  this  mesenchyme,  at  19  days  insemination  age,  a  slit  appears 
superolaterally  to  the  condylar  cartilage  (Fig.  2).  At  20  days  insemination 
age,  this  slit  extends  into  the  mesenchyme  superiorly  to  and  then  supero- 
medially  to  the  condyle  (Fig.  3).  Also,  at  this  stage,  another  slit  appears  in 
the  mesenchyme  between  the  first  slit  and  the  superolateral  surface  of  the 
condylar  cartilage  (Fig.  3).  These  slits  are  bordered  by  flattened  fusiform 
mesenchymal  cells  which  are  oriented  with  their  long  axes  parallel  to  the  sur¬ 
face  of  the  slits.  The  superior  and  the  inferior  slits  are  separated  by  a  layer 
of  mesenchymal  cells  which  is  the  anlage  of  the  articular  disc. 


536 


CUNAT,  BHASKAR,  AND  WEINMANN 


J.  D.  Res. 
August,  1956 


In  the  lateral  part  of  the  articulation,  fusiform  mesenchymal  cells  can  be 
seen  extending  from  the  inferior  border  of  the  zygomatic  process  to  the  peri¬ 
chondrium  of  the  condylar  cartilage.  These  cells  are  the  anlage  of  the  capsular 
ligament. 

Thus,  at  20  days  insemination  age,  the  squamoso-mandibular  articulation 
differentiates.  The  articular  fossa  of  the  joint  is  formed  by  the  inferomedial 
surface  of  the  zygomatic  process  and  the  inferolateral  surface  of  the  lower 
part  of  the  squama.  Anteroposteriorly,  the  fossa  resembles  a  channel  while, 
mediolaterally,  it  is  deeply  concave.  The  condylar  cartilage  which  is  convex 
superiorly  lies  within  the  concavity  and  is  covered  by  a  thick  perichondrium. 
The  latter  is  separated  from  the  periosteum  covering  the  articular  surface  of 
the  fossa  by  2  slits  which  are  in  turn  separated  by  the  anlage  of  the  articular 
disc.  The  lateral  boundary  of  the  articulation  is  formed  by  the  anlage  of  the 
capsular  ligament  while  medial  to  the  condylar  cartilage  and  separating  it  from 
the  alisphenoid,  the  bundles  of  the  external  pterygoid  muscle  can  be  seen. 


Fig.  3. — At  20  days  insemination  age.  Note  the  appearance  of  the  second  slit,  C.  (Orig.  mag. 

X70:  reduced  %.) 

Changes  in  the  Disc. — The  anlage  of  the  disc,  which  arches  over  the  condyle 
between  the  slits,  at  first  consists  of  fusiform  cells  arranged  parallel  to  the 
articular  surfaces  (Fig.  4)  and  showing  many  mitotic  figures.  The  disc  is  wide 
in  its  lateral  part  where  it  is  5  to  6  cell  layers  thick,  then  narrows  and  becomes 
indistinct  medially.  By  21  days  insemination  age,  it  can  be  seen  to  be  continuous 
laterally  with  the  anlage  of  the  capsular  ligament  and  medially  with  the  connec¬ 
tive  tissue  around  the  fibers  of  the  external  pterygoid  muscle  (Fig.  3). 

At  the  second  day  after  birth,  a  few  collagenous  fiber  bundles,  running 
primarily  in  an  anteroposterior  direction,  are  distinctly  seen  in  the  disc.  By 
the  fourth  day,  the  bundles  increase  in  number.  Although  the  majority  of 
them  can  be  seen  running  in  an  anteroposterior  direction,  other  fibers  also  run 
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mediolaterally  in  the  anterior  and  posterior  parts  of  the  disc.  On  the  fifth 
day,  the  width  of  the  disc  in  the  anterior  and  posterior  parts  of  the  fossa  in¬ 
creases  considerably  but  it  remains  narrow  centrally.  From  five  to  thirty  days 
after  birth,  the  number  of  collagenous  fiber  bundles  increases  progressively 
and  the  disc  becomes  a  highly  fibrous  structure  with  relatively  few  cells  (Fig. 
5).  But  while  the  number  of  fibers  increases  with  age,  their  general  orientation 
in  the  disc  remains  essentially  the  same,  i.e.,  the  anteroposterior  fibers  run 
through  the  entire  length  of  the  disc  and  are  especially  concentrated  in  its 
medial  part.  The  mediolateral  fibers  are  present  in  large  numbers  only  in  the 
anterior  and  posterior  portions  of  the  lateral  two-thirds  of  the  disc. 


Fig.  4. — At  21  days  insemination  age.  Note  the  highly  cellular  disc,  D,  CC,  condylar 
cartilage;  Z,  zygomatic  process.  (Orig.  mag.  X310;  reduced  yt.) 

Fig.  5. — Twenty  days  after  birth.  Note  the  collagenous  nature  of  the  disc.  The  fibers 
are  mainly  cut  in  cross  section.  Also  note  the  rapid  bone  apposition  in  the  depth  of  the 
fossa.  S,  squamosal.  (Orig.  mag.  X310:  reduced  4^.) 

Fig.  6. — Twenty-five  days  after  birth.  Photomicrograph  of  a  frontal  section  through 
the  anterior  part  of  the  synovial  cavities.  M,  masseter  muscle ;  P,  external  pterygoid. 

Fig.  7. — Twenty-three  days  after  birth.  Photomicrograph  of  a  section  through  the 
posterior  part  of  the  synovial  cavities.  (Orig.  mag.  x85 ;  reduced  4^.) 

Anterior  to  the  area  of  the  articulation,  the  disc  thickens  (Fig.  6)  and  its 
fibers  become  continuous  with  the  epimysium  of  the  external  pterygoid  muscle, 
medially,  and  with  the  connective  tissue  surrounding  the  masseter  muscle, 
laterally.  The  part  of  the  disc  posterior  to  the  articulation  is  also  thicker  than 
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in  the  center  (Fig.  7).  Medially  in  this  area,  its  fibers  are  continuous  with  the 
epimysium  of  the  external  pterygoid  muscle  and  laterally  with  the  capsular 
ligament  and  the  connective  tissue  surrounding  the  temporal  muscle. 

Between  17  and  19  days  after  birth,  blood  vessels  and  a  pad  of  fat  appear 
in  the  anterior  part  of  the  disc  (Fig.  6).  At  23  days,  a  similar  fat  pad  and 
small  blood  vessels  are  seen  in  the  posterior  portion  of  the  disc. 

Changes  in  the  Articular  Cavities. — By  21  days  insemination  age,  the  slits 
increase  in  size  and  extend  from  the  superolateral  to  the  superior  aspect  of  the 
condylar  cartilage.  Their  medial  terminations  are  obscured  by  the  proximity  of 
the  condyle  to  the  articular  surface  of  the  squamosal  bone.  The  contour  of  the 
synovial  cavities  follows  the  general  outline  of  the  articular  fossa.  However,  in 
the  posterior  part  of  the  articulation,  the  cavities  extend  farther  laterally  than 
the  fossa.  By  the  fourth  day  after  birth,  the  slits  or  the  sjmovial  cavities  are 
better  defined  in  the  anterior  and  posterior  parts  of  the  articular  fossa  than 
centrally.  The  superior  cavity  is  the  larger  and  its  medial  extremity  extends 
for  some  distance  between  the  external  pterygoid  muscle  and  the  outer  plate 
of  the  squama.  The  medial  extremity  of  the  inferior  slit  ends  superomedially 
to  the  condylar  cartilage. 

In  the  central  part  of  the  articulation,  the  lining  of  the  synovial,  cavities 
is  formed  by  a  single  row  of  fiattened  fusiform  cells,  the  long  axes  of  which  are 
parallel  to  the  cavities.  However,  in  the  anterior  and  posterior  parts  of  the 
cavities,  a  layer  of  short  cuboidal  cells  which  is  3  to  4  cells  thick  forms  the 
lining  (Fig.  6). 

At  15  days  after  birth,  in  the  posterior  part  of  the  squamoso-mandibular 
articulation,  a  villus-like  growth  extends  from  the  capsular  connective  tissue 
into  the  superior  synovial  cavity  (Fig.  7).  This  villus  becomes  larger  and  more 
pronounced  with  age.  At  23  days,  it  is  covered  by  2  or  3  layers  of  flattened 
cells  and  its  core  is  formed  by  well-vascularized  connective  tissue.  At  23  days, 
a  similar  villus  extends  into  the  lateral  part  of  the  inferior  slit  from  the  con¬ 
nective  tissue  over  the  superolateral  aspect  of  the  condylar  cartilage  (Fig.  7). 
However,  it  is  much  smaller  than  the  one  related  to  the  superior  slit  and  its 
mesenchymal  core  is  not  as  well  vascularized.  By  30  days,  a  number  of  villi 
can  be  seen  projecting  into  the  posterior  parts  of  the  superior  and  inferior 
slits.  These  villi  are  largest  in  the  superior  synovial  cavity  and  there  they 
extend  mainly  from  the  lateral  wall  of  the  cavity. 

Changes  in  the  Articular  Fossa. — At  21  days  insemination  age,  the  squama 
as  well  as  the  zygomatic  process  consist  of  2  bony  plates  which  enclose  areas  of 
hemopoietic  marrow  (Fig.  8).  The  fossa  is  formed  by  the  inferior  surface  of  the 
zygomatic  process  and  a  portion  of  the  squama  (Fig.  8). 

At  20  and  21  days  insemination  age,  the  surface  of  the  fossa  shows  bony 
apposition  except  on  the  articular  surface  of  the  squama,  medial  to  the  condyle, 
where  resorption  occurs.  At  this  age,  the  most  rapid  apposition  occurs  at  the 
inferior  border  of  the  zygomatic  process  (Fig.  9).  This  area  of  rapid  growth 
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leads  to  the  progressive  deepening  of  the  fossa.  The  anteroposterior  length¬ 
ening  of  the  articular  fossa  occurs  by  progressive  apposition  at  the  anterior 
margin  of  the  root  of  the  zygomatic  process. 

Between  1  and  2  days  after  birth,  the  apposition  and  resorption  pattern 
in  the  articular  fossa  changes  slightly.  The  portions  of  the  articular  fossa 
which  face  the  superolateral  and  superomedial  surfaces  of  the  condylar  cartilage 
show  resorption  lacunae,  while  the  part  of  the  fossa  facing  the  superior  surface 
of  the  condylar  cartilage,  and  the  inferior  border  of  the  zygomatic  process  show 
rapid  apposition  of  bone  (Fig.  9).  The  appositional  growth  of  the  inferior 


Kig.  8. — Diagram  of  the  squamoso-mandibular  articulation  showing  the  relationship  between 
the  squamosal,  the  parietal  (p'),  and  the  alisphenoid,  i4.S.  Z,  zygomatic  process. 

border  of  the  zygomatic  process  is  in  an  inferolateral  direction.  These  areas 
of  rapid  bone  formation  are  characterized  by  the  presence  of  wide  layers  of 
lightly  staining  osteoid.  The  latter  is  particularly  rich  in  cells  and  only 
superficially  resembles  cartilage.  Although  the  rate  of  bone  apposition  and 
resorption  varies  from  time  to  time,  the  pattern  of  bone  formation  and  destruc¬ 
tion  in  the  fossa  remains  unchanged  until  30  days  after  birth  (Fig.  10).  This 
pattern  of  growth  in  the  fossa  leads  to  its  progressive  widening.  However,  the 
apposition  in  the  depth  of  the  fossa  keeps  pace  with  the  growth  at  the  inferior 
border  of  the  zygomatic  process.  This  prevents  an  excessive  deepening  of 
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the  fossa.  Up  to  30  days  after  birth,  the  temporal  surface  of  the  zygomatic 
process  continues  to  show  bone  apposition.  To  compensate  for  the  resorption 
on  the  articular  surface  of  the  squama,  its  endosteal  surface  shows  apposition 
of  bone. 

At  4  days  after  birth,  a  part  of  the  masseter  muscle  can  be  seen  to  originate 
from  the  lateral  surface  of  the  most  anterior  part  of  the  fossa  (Fig.  11).  With 
age,  however,  the  area  of  the  origin  of  the  muscle  extends  anteroposteriorly  so 
that  at  30  days  it  originates  from  the  lateral  surface  of  the  anterior  half  of 
the  fossa  (Fig.  10).  From  their  origin,  the  muscle  fibers  run  downward  and 
inward  and  lie  laterally  to  the  condylar  cartilage  where  they  function  as  a 
capsular  ligament. 


Fig.  9. — Two  days  after  birth.  Resorption  is  seen  on  the  articular  fossa  superolaterally 
to  the  condylar  cartilage  while  apposition  appears  on  the  Inferior  border  of  the  zygoma,  Z. 
(Orig.  mag.  X310;  reduced  5^.) 

Fig.  10. — Twenty-one  days.  Resorption  occurs  on  the  articular  fossa  superolaterally  to 
the  condylar  cartilage.  Apposition  is  seen  in  the  depth  of  the  fossa.  (Orig.  mag.  X77: 
reduced  5^.) 

Fig.  11. — Four  days  after  birth.  Note  the  relationship  of  masseter  muscle  (Jf)  to 
the  zygomatic  process  and  the  bone  apposition  on  the  sides  of  the  condylar  process.  P,  ex¬ 
ternal  pterygoid.  (Orig.  mag.  X77:  reduced  5^.) 

Fig.  12. — Thirty  days  after  birth.  Note  the  modeling  resorption  on  both  the  medial  and 
lateral  sides  of  the  condylar  neck.  (Orig.  mag.  X77:  reduced  ^.) 


The  syndesmosis  between  the  lower  part  of  the  squama  and  the  upper  part 
of  the  alisphenoid  is  a  site  of  active  proliferation.  The  connective  tissue  cells 
are  oriented  in  the  typical  three  zones  seen  in  all  growing  sutures  and  the 
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opposing  surfaces  of  the  bones  are  bordered  by  osteoid  zones.  This  growth 
leads  to  an  upward  and  outward  shift  of  the  squamosal  bone  and  a  progressive 
increase  in  the  distance  between  the  articular  fossa  and  the  base  of  the  skull. 

Changes  in  the  Condyle. — At  17  days  insemination  age,  the  condylar  car¬ 
tilage  is  enclosed,  except  for  its  most  posterior  end,  in  the  body  and  ramus  of 
the  mandible  (Fig.  1).  The  posterior  portion  of  the  cartilage  is  surrounded 
by  a  large  mass  of  mesenchymal  cells  and  prechondrocytes.  The  perichondral 
bony  splint  surrounds  the  cartilage  everywhere  except  at  its  posterior  end. 
At  this  stage,  the  growth  of  the  condylar  cartilage  is  primarily  in  a  posterior 
direction.  At  18  days  insemination  age,  the  superolateral  surface  of  the 
condylar  cartilage  as  well  as  the  posterior  surface  shows  a  zone  of  appositional 
growth.  Up  until  18  days  insemination  age,  the  condylar  cartilage  which 
extends  from  the  first  molar  region  of  the  mandibular  body  to  an  area  beyond 
the  ramus,  is  a  solid  rod  of  cartilage.  Its  chondrocytes  in  the  molar  region 
are  the  oldest  while  those  at  the  posterior  end  belong  to  the  youngest  genera¬ 
tion.  At  19  days  insemination  age,  a  zone  of  cartilaginous  destruction  appears 
in  the  region  of  the  first  molar  tooth  germ.  Here,  the  chondrocytes  first  be¬ 
come  edematous  and  their  scanty  intercellular  matrix  becomes  deeply  baso¬ 
philic.  Simultaneously,  the  mesenchymal  cells  invade  the  perichondral  splint 
and  later  destroy  the  cartilaginous  capsules.  Soon  the  cartilage  cells  dis¬ 
appear  and  the  partly  destroyed  perichondral  splint  surrounds  young  connec¬ 
tive  tis.sue  in  which  macrophages  and  some  giant  cells  can  be  recognized.  At 
20  days  insemination  age,  the  zone  of  destruction  extends  into  the  ramus  to 
a  i)oint  just  posterior  to  the  coronoid  process.  By  21  days  insemination  age, 
this  destruction  has  reached  the  cartilage  in  the  posterior  part  of  the  ramus. 

Throughout  this  time  while  the  main  path  of  growth  of  the  cartilage  is 
posteriorly,  some  growth  in  a  superolateral  direction  does  occur.  Between 
the  third  and  fourth  day  after  birth,  the  superolateral  component  of  condylar 
growth  increases  considerably.  This  is  evidenced  by  the  fact  that  the  pro¬ 
liferating  zone  of  mesodermal  cells  on  the  superolateral  aspect  of  the  condyle 
greatly  increases  in  thickness,  and  that  any  given  frontal  section  through  the 
condylar  cartilage  which  previously  showed  chondrocytes  of  the  same  age  now 
reveals  cells  of  different  generations.  There  is  a  layer  of  closely  i)acked 
me.sodermal  cells  beneath  the  inferior  slit  of  the  squamoso-mandibular  articula¬ 
tion.  These  cells  overlie  the  superior  and  superolateral  aspects  of  the  condyle. 
Beneath  this  layer  is  a  transition  zone  consisting  of  prechondrocytes  and 
chondrocytes.  Inferior  to  these  cells,  an  area  exists  in  which  the  chondrocytes 
become  swollen  and  edematous  and  are  separated  from  one  another  by  a 
hyalin  intercellular  matrix.  Below  this  area  is  another  zone  in  which  the 
hyalin  matrix  is  calcified. 

The  condylar  cartilage  continues  to  grow  primarily  in  a  superolateral 
direction  until  the  nineteenth  day  of  life.  At  this  time,  the  main  mass  of  the 
proliferating  zone  shifts  slightly  medially,  resulting  in  a  more  superior  path 
of  growth.  This  continues  to  be  the  chief  direction  of  proliferation  through 
the  thirtieth  day. 
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At  4  days,  no  cartilage  destruction  is  evident  in  central  sections  through 
the  articulation  but  by  the  sixth  day  it  has  extended  into  this  area.  At  this 
time  the  cartilage  from  the  zone  of  destruction  through  the  prechondrocyte 
layer  is  approximately  55  cells  thick.  The  destruction  continues  to  encroach 
upon  the  condylar  cartilage  at  a  greater  rate  than  new  cartilage  is  proliferat¬ 
ing.  Therefore,  the  thickness  of  the  cartilaginous  cap  of  the  condyle  gradually 
decreases,  until  at  30  days,  it  is  only  10  to  15  cells  thick.  At  this  time,  it 
is  more  or  less  crescent-shaped  and  surmounts  the  condylar  process  (Fig.  12). 

In  the  beginning,  the  condylar  process  consists  almost  entirely  of  cartilage. 
As  age  advances,  however,  it  consists  of  an  increasing  amount  of  bone  which  is 
surmounted  by  cartilage.  At  20  days  insemination  age,  the  process  is  club- 
shaped  and  its  medial  and  lateral  bony  surfaces  are  approximately  parallel  to 
each  other.  Apposition  of  bone  occurs  on  both  surfaces  until  the  fifteenth 
day  after  birth  (Fig.  11).  Between  15  and  19  days  after  birth,  modeling 
resorption  begins  on  the  medial  and  lateral  walls  and  becomes  quite  marked  at 
23  days  after  birth  (Fig.  12),  As  a  result  of  this  pattern  of  resorption,  at  30 
days  the  condylar  process  consists  of  a  narrow  bony  neck  which  is  surmounted 
by  a  mushroom-shaped  condylar  cartilage. 

Changes  in  the  Capsule. — At  19  days  insemination  age  and  coincident  with 
the  appearance  of  the  first  slit  of  the  articulation,  a  condensation  of  mesenchyme 
is  seen  extending  between  the  zygomatic  process  and  the  lateral  aspect  of  the 
posterior  end  of  the  condylar  cartilage.  At  birth,  this  condensation  becomes  a 
band  of  fiattened  fusiform  cells  with  a  few  collagenous  fiber  bundles.  It  is 
continuous  above  with  the  periosteum  covering  the  inferior  border  of  the 
zygomatic  process,  and  extends  inferomedially  to  become  continuous  with  the 
mesodermal  cells  surrounding  the  posterior  end  of  the  condylar  cartilage. 
Throughout  the  articulation,  the  lateral  side  of  the  interartieular  disc  unites 
with  the  capsule  approximately  halfway  between  its  superior  and  inferior 
attachments.  The  most  posterior  part  of  the  capsule  is  poorly  defined  at  birth. 
At  the  fourth  day,  the  posterior  extremity  of  the  capsule  and  the  disc  can  be 
seen  to  taper  and  blend  with  the  periosteum  covering  the  squamosal  bone  be¬ 
hind  the  root  of  the  zygoma. 

After  4  days,  a  portion  of  the  masseter  muscle  originates  from  the  anterior 
part  of  the  lateral  wall  of  the  articular  fossa  and  with  age  the  extent  of  this 
area  increases  (Figs.  10  and  11).  Thus,  the  capsular  ligament  can  be  identi¬ 
fied  only  in  that  part  of  the  articulation  where  the  masseter  muscle  does  not 
lie  laterally  to  the  condylar  cartilage. 

By  15  days,  the  capsule  has  greatly  increased  in  width  but  it  is  still  a 
highly  cellular  structure.  At  this  time  a  small  fold  extends  from  the  capsule 
into  the  superior  synovial  slit.  Similar  villi  project  into  the  inferior  slit 
from  the  capsular  wall.  These  are  smaller  and  less  numerous  than  those 
related  to  the  superior  slit.  From  15  to  30  days,  the  capsule  can  be 
seen  only  in  the  posterior  half  of  the  articulation  where  it  extends  from  the 
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inferior  border  of  the  zygomatic  process  to  the  condylar  process  immediately 
below  the  condylar  cartilage  and  consists  of  a  progressively  increasing  number 
of  collagen  bundles. 

The  medial  side  of  the  articulation  is  not  limited  by  a  capsule  as  is  its 
lateral  side.  Here,  the  external  pterygoid  muscle  performs  the  function  of  the 
capsular  ligament. 

DISCUSSION 

Nomenclature. — The  articulation  between  the  rat  (and  mouse)  mandible 
and  the  skull  has  been  referred  to  as  the  mandibular  joint*’  ®’  *"  or  as  the 
temporo-maxillary  joint.®  Since  the  temporal  bone  does  not  exist  in  the  rat 
or  the  mouse  and  since  the  mandibular  condyle  in  these  animals  articulates 
with  the  zygomatic  process  and  the  squama  of  the  squamosal  bone,  this  joint 
should  be  properly  referred  to  as  the  squamoso-mandibular  articulation. 

Direction  of  Growth  of  the  Condylar  Cartilage. — From  17  days  insemina¬ 
tion  age  to  4  days  after  birth,  the  main  direction  of  growth  of  the  condylar 
cartilage  is  backward.  This  contributes  primarily  to  the  linear  growth  of  the 
mandible.  Starting  at  four  days,  however,  the  condylar  cartilage  starts  to 
grow  upward.  This  upward  component  of  condylar  growth  increases  with  age 
and  leads  to  a  downward  shift  of  the  mandible.  These  different  directions  of 
growth  at  the  condylar  cartilage  are  closely  related  to  the  developmental 
changes  in  the  dental  lamina  and  the  tooth  buds.  It  is  known  that  the  dental 
lamina  forms  the  first,  second,  and  third  molar  tooth  germs  at  14  to  15  days 
insemination  age,  19  days  insemination  age,  and  10  days  after  birth,  respec¬ 
tively.**  The  prenatal  and  early  postnatal  phase  of  dental  development, 
therefore,  consists  of  an  anteroposterior  growth,  first  of  the  dental  lamina 
and  then  of  the  first  and  second  molar  tooth  germs.  This  phase  of  dental 
development  coincides  with  the  phase  of  condylar  growth  which  leads 
primarily  to  an  anteroposterior  lengthening  of  the  mandible. 

Early  in  postnatal  life,  the  molar  tooth  germs  begin  to  grow  in  height; 
their  hard  tissues  begin  to  form  and  their  prefunctional  eruptive  movement 
starts.  Coinciding  with  this  phase  of  dental  growth,  the  condylar  cartilage 
grows  in  an  upward  direction  and  thus  permits  the  vertical  growth  of  the 
alveolar  process. 

It  has  been  demonstrated  in  this  study  that  one  area  of  appositional 
growth  at  the  condylar  cartilage  is  on  its  superolateral  surface.  This  site  of 
growth  in  the  right  and  left  condylar  cartilages  leads  to  a  progressive  increase 
in  the  distance  between  the  cartilages.  Since  the  formation  of  bone  follows 
the  cartilaginous  growth,  this  pattern  of  condylar  growth  serves  to  widen  the 
posterior  ends  of  the  mandible  and  thus  keep  pace  with  the  widening  cranial 
base. 

Replacement  of  the  Condylar  Cartilage  hy  Bone. — The  replacement  of  the 
condylar  cartilage  by  bone  begins  at  19  days  insemination  age.  It  is  well  known 
that  in  endochondral  ossification,  prior  to  its  destruction,  the  cartilage  matrix 
calcifies.*®  This,  in  routine  histologic  sections,  is  seen  as  a  deeply  basophilic 
zone.  Although  in  the  present  investigation  a  definite  change  in  the  cartilage 
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matrix  could  not  be  clearly  seen  at  19  days  insemination  age,  at  21  days  in¬ 
semination  age  the  calcified  zone  of  the  cartilage  could  be  demonstrated. 
This  finding  is  in  disagreement  with  that  of  Collins,  Becks,  Simpson,  and 
Evans,®  who  reported  that  the  calcification  of  the  condylar  cartilage  does 
not  appear  until  30  days  after  birth. 

The  Articular  Disc. — The  articular  disc  originates  from  the  mesenchyme 
between  the  superior  and  inferior  slits  and  up  to  birth  consists  predominantly 
of  mesenchymal  cells.  With  age,  the  most  striking  change  in  its  structure  con¬ 
sists  of  the  appearance  of  collagen  bundles  which  become  progressively  thicker 
and  more  numerous.  Although  in  some  areas  these  fibers  run  mediolaterally,  the 
predominant  direction  of  the  fibers  is  anteropo.steriorly.  Since  the  main  direc¬ 
tion  of  movement  of  the  squamoso-mandibular  articulation  in  the  rat  is  antero- 
posteriorly  this  arrangement  of  the  fibers  in  the  disc  is  not  surprising. 

The  general  shape  of  the  articular  disc  is  similar  to  that  seen  in  other 
articulations.  It  is  narrowest  in  the  area  of  the  actual  articulation,  while 
anteriorly  and  posteriorly  it  widens.  Medially,  the  disc  becomes  continuous  with 
the  connective  tissue  surrounding  the  external  pterygoid  muscle.  This  relation¬ 
ship  between  the  disc  and  the  external  pterygoid  muscle  would  indicate  that 
during  the  forward  movement  of  the  condyle  the  disc  is  also  brought  forward. 

The  presence  of  chondroid  cells  has  been  reported  in  the  articular  disc  of 
5-  to  6-month-old  rats.®  In  the  present  investigation,  such  cells  could  not  be 
demonstrated.  Cabrini  and  Erausquin®  reported  the  location  of  fat  and  blood 
vessels  in  the  anterior  and  posterior  portions  of  the  disc.  The  findings  in  the 
present  inve.stigation  confirm  this  observation. 

The  Articular  Fossa. — The  articular  fossa  is  formed  by  the  zygomatic 
process  and  a  portion  of  the  squama  of  the  squamosal  bone.  The  predominant 
pattern  of  apposition  and  resorption  in  the  fossa  is  as  follows:  on  the  inferior 
border  of  the  zygomatic  process  which  forms  the  lateral  lip  of  the  fossa,  rapid 
apposition  of  bone  occurs.  The  direction  of  growth  here  is  inferolaterally 
and  this  pattern  tends  to  widen  as  well  as  to  deepen  the  fossa.  However,  the 
deepening  of  the  fossa  is  prevented  by  rapid  appositional  growth  in  the  depth 
of  the  fossa  directly  above  the  condylar  cartilage. 

Resorption  of  bone  occurs  on  the  parts  of  the  articular  fossa  which  face 
the  superolateral  and  superomedial  parts  of  the  condylar  cartilage.  These 
sites  of  resorption  lead  to  an  increase  in  the  transverse  width  of  the  fossa 
which  goes  hand  in  hand  with  the  progressively  enlarging  condylar  process. 

Cabrini  and  Erausquin,®  who  reported  the  only  detailed  work  on  the 
squamoso-mandibular  joint  of  the  rat,  described  a  “rising”  of  the  zygomatic 
process.  This  upward  shift  was  ascribed  to  resorption  on  the  articular  and 
apposition  on  the  temporal  surfaces  of  this  process.  In  the  present  investiga¬ 
tions,  however,  the  marked  upward  shift  of  the  articular  fossa  was  found  to 
be  primarily  due  to  very  active  growth  in  the  squamoso-alisphenoidal  suture. 
This  site  of  growth  led  to  a  lengthening  of  the  lower  part  of  the  squama  and 
a  progressive  increase  in  the  distance  between  the  articular  fossa  and  the  base 
of  the  skull.  The  animals  used  by  Cabrini  and  Erausquin®  were  5  and  6 
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months  old.  It  is  conceivable  that  at  that  age  resorption  and  apposition  of 
bone  play  a  dominant  role  in  the  upward  shift  of  the  zygomatic  process  and 
the  fossa. 

Chondroid  cells  or  cartilage-like  tissue  have  been  described  in  the  depth 
of  the  fossa®'  ®  and  it  has  been  stated  that  these  cells  progressively  change  to 
osteoblasts  and  osteoeytes.  In  the  present  investigation,  this  area  of  the 
fossa  showed  rapid  bone  apposition.  This  was  evidenced  by  a  wide  zone  of 
pale  osteoid  tissue  with  many  large  osteoeytes.  A  similar  type  of  tissue  was 
seen  at  the  inferior  border  of  the  zygomatic  process.  This  tissue  is  not 
cartilage  but  uncaleified  immature  bone.  This  assumption  is  based  on  the  fact 
that  the  intercellular  substance  of  this  tissue  does  not  stain  like  cartilage  and 
secondly,  when  this  tissue  calcifies,  it  stains  like  bone  rather  than  calcified 
cartilage. 

The  Capsular  Ligament. — In  the  S(}uamoso-mandibular  joint  of  the  rat,  the 
capsular  ligament  is  not  well  defined.  On  the  medial  side  of  the  joint,  it  does 
not  exist,  while  on  the  lateral  side,  up  to  4  days  of  age,  it  extends  from  the 
entire  length  of  the  lateral  boundary  of  the  fossa  to  the  neck  of  the  condylar 
process.  At  4  days,  the  anterior  part  of  the  lateral  boundary  gives  origin  to 
a  portion  of  the  masseter  muscle,  but  this  area  later  extends  posteriorly.  With 
increasing  age,  the  capsular  ligament  can  be  identified  only  in  the  posterior 
half  of  the  lateral  surface  of  the  articulation  where  it  is  well  defined.  The 
absence  of  a  distinct  capsular  ligament  on  the  medial  and  anterior  half  of  the 
lateral  surface  of  the  zygomatic  process  is  probably  due  to  the  presence  of  the 
external  pterygoid  and  the  masseter  muscles  in  these  areas.  These  muscles, 
especially  the  masseter,  perform  the  function  of  a  capsular  ligament. 

SUMMARY 

This  histologic  investigation  is  based  on  complete  serial  frontal  sections 
through  the  squamoso-mandibular  articulation  of  31  normal  and  30  ia  rats 
ranging  from  16  days  insemination  age  to  30  days  after  birth.  The  ia  rats  are 
a  mutation  in  which  bone  resorption  does  not  occur  and  the  pattern  of  bone  and 
cartilage  formation  can  be  accurately  traced. 

This  study  showed  that  the  condylar  cartilage  differentiates  in  the  body 
of  the  mandible  at  17  days  insemination  age  and  grows  backward  toward  the 
zygomatic  process  of  the  squamosal  bone.  In  the  mesenchyme  which  separates 
the  cartilage  from  the  bone,  a  superior  and  an  inferior  slit  appear  at  19  and 
20  days  insemination  age  respectively.  At  21  days  insemination  age,  the 
anlage  of  the  capsular  ligament  appears  and  thus  at  this  age  the  squamoso- 
mandibular  articulation  differentiates. 

In  the  articular  disc  which  at  this  time  consists  only  of  fusiform  cells, 
some  collagen  fibers  appear  at  2  days  after  birth  and  their  number  progres¬ 
sively  increases  with  age.  Their  general  orientation  is  anterior-posterior.  In 
the  central  part  of  the  articulation,  the  disc  is  narrowest  while  medially, 
laterally,  and  especially,  anteriorly  and  posteriorly,  it  widens.  In  the  latter 
two  areas,  it  contains  blood  vessels  and  fat  cells  but  elsewhere  it  is  avascular. 
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The  synovial  cavities  are  lined  partly  by  flattened  and  partly  by  cuboidal 
epithelium.  At  15  days  after  birth,  villi  begin  to  form  and  extend  into  the 
anterior  and  posterior  portions  of  the  synovial  cavities.  These  villi  have  a 
vascularized  core  and  their  number  and  size  increases  with  age.  The  articular 
fossa  is  formed  by  the  zygomatic  process  and  the  inferior  half  of  the  squama 
of  the  squamosal  bone.  Generally  rapid  bone  apposition  occurs  on  the  inferior 
border  of  the  zygomatic  process  and  the  depth  of  the  fossa  and  resorption  oc¬ 
curs  on  the  surfaces  of  the  fossa  which  are  superolateral  and  superomedial  to 
the  condylar  cartilage.  Thus  the  fossa  widens  while  its  depth  remains  more  or 
less  constant.  The  direction  of  the  growth  of  the  condylar  cartilage  is  first 
predominantly  backward  but  later  it  shifts  to  a  more  upward  and  outward 
direction.  These  directions  of  growth  are  related  to  the  development  and 
growth  of  teeth.  The  destruction  of  condylar  cartilage  and  its  replacement 
by  bone  begins  at  19  days  insemination  age  and  progressively  reduces  the 
cartilaginous  part  of  the  condylar  process.  Modeling  resorption  of  the  neck 
of  the  condylar  process  begins  at  15  days  after  birth.  The  capsular  ligament 
of  the  squamoso-mandibular  articulation  of  the  rat  is  not  well  marked.  It 
extends  from  the  posterior  half  of  the  lateral  rim  of  the  fossa  to  the  condylar 
neck.  In  the  anterior  part  of  the  lateral  surface  of  the  articulation,  the 
masseter  muscle  and  medially  the  external  pterygoid  act  as  the  cai)sule. 
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THE  HISTOCHEMISTRY  OF  THE  ADRENAL  CORTEX  FOLLOWING 
REMOVAL  OF  THE  MAJOR  SALIVARY  GLANDS 

DAVID  BIXLER,  RICHARD  C.  WEBSTER,  AND  JOSEPH  C.  MUHLER 
Indiana  University,  Bloomington,  Ind. 

PREVIOUS  experiments  in  this  laboratory  have'  shown  that  removal  of  the 
major  salivary  glands  was  accompanied  by  uterine  and  testicular  weight 
alterations^’  ®  and  also  histologic  changes  in  the  adrenal  cortex.^’  ®  In  order  to 
provide  further  evidence  as  to  the  nature  of  these  adrenal  changes  a  histo- 
chemical  analysis  of  the  cortex  was  performed  utilizing  the  methods  described 
by  Dempsey  and  Wislocki^  and  others.®’  ®  A  histologic  examination  of  the  ovaries 
and  uteri  of  the  desalivated  animals  was  also  performed. 

PROCEDURE 

A  total  of  70  weanling  rats  of  the  Sprague-Dawley  strain  were  used  in 
these  studies.  The  animals  were  divided  into  3  experimental  groups;  one 
group  was  desalivated  by  a  procedure  already  reported, *  another  was  sham- 
operated,  and  a  third  group  was  unoperated  and  served  as  a  control.  After 
a  48-hour  recovery  period,  the  animals  were  divided  into  groups  of  8  rats  each, 
consisting  of  2  male  and  female  desalivates  and  one  each  of  both  sexes  of  sham- 
operated  and  control  animals.  At  3,  4,  6,  10,  16,  24,  and  32  days  following 
surgery,  the  animals  were  sacrificed  and  the  uteri  and  ovaries  removed  and 
fixed  in  10  per  cent  neutral  formalin,  embedded  in  paraffin,  sectioned  serially 
at  12/1,  and  stained  with  hematoxylin  and  eosin.  The  adrenal  glands  were 
removed  and  studied  according  to  the  following  procedure.  One  gland  from 
each  animal  was  fixed  in  neutral  formalin  and  sectioned  at  IS/i  on  a  freezing 
microtome  and  one  section  was  .stained  with  Sudan  Black  B,  one  with  Sudan  IV, 
and  another  by  the  Schiff  “plasmal”  method.  These  sections  were  affixed  to 
microscope  slides  with  1  per  cent  gelatin,  hardened  by  formaldehyde  vapors 
and  subsequently  mounted  in  glycerogel.  Two  additional  sections  were  mounted 
unstained,  one  of  which  was  extracted  for  30  minutes  in  acetone  and  the  other 
was  untreated.  These  sections  were  compared  under  a  polarizing  microscope 
for  acetone  soluble  droplets  in  order  to  demonstrate  birefringence.  This  series 
of  reactions  characterizes  the  lipid  droplets  of  steroid-secreting  glands,  and 
are  of  interest  since  variations  in  reactivity  have  been  correlated  with  different 
degrees  of  functional  activity.®’ 

One  adrenal  gland  from  every  group  was  fixed  in  acidified  silver  nitrate 
for  ascorbic  acid  demonstration.  After  fixation  for  one-half  hour,  the  glands 

This  investigation  was  supported  in  part  by  the  Medical  Research  and  Development 
Board.  Office  of  the  Surgeon  General,  Department  of  the  Army,  under  contract  No.  DA-49- 
007-MD-332. 
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were  transferred  to  an  acidified  sodium  thiosulfate  solution  for  one  hour  and 
washed  in  running  water,  embedded  in  paraffin,  sectioned  at  5/x,  and  counter- 
stained  with  eosin.  Another  adrenal  gland  was  embedded  in  paraffin  and  sec¬ 
tioned  serially  at  6fi.  These  sections  were  stained  in  hematoxylin  and  eosin 
and  mounted  in  glycerogel. 

RESULTS 

Sudan  IV  and  Sudan  Black. — The  control  and  sham-operated  animals 
show'ed  the  following  results  throughout  the  entire  experimental  period:  The 
glomerulosa  and  fasciculata  stained  intensely  and  the  reticularis  only  moderately 
(Fig.  1,  A).  The  lipid  material  was  present  characteristically  as  a  mixture  of 
equal  numbers  of  coarse  and  fine  droplets.  This  appears  to  indicate  that  the 
effect  of  the  sham  operation  itself  was  not  sufficient  to  dramatically  alter  these 
ti.ssues.  However,  pronounced  differences  were  noted  in  the  adrenal  gland  of 
the  desalivated  animals  (Fig.  1,  B).  During  the  first  six  experimental  days 
the  intensity  of  the  Sudan  stains  in  the  zona  fa.sciculata  was  markedly  increased 
as  compared  to  the  controls.  This  finding  was  emphasized  by  a  complete  disap¬ 
pearance  of  the  sudanophobic  zone  (transition  zone)  which  normally  lies  be¬ 
tween  the  glomerulosa  and  fasciculata.  This  entire  area  and  the  adjacent 
fasciculata  were  filled  with  a  large  number  of  small,  intensely  staining  lipid 
droplets.  By  the  tenth  day  a  decrease  in  the  sudanophilia  of  the  transition 
zone  was  observed  and  a  normal  sudanophobic  zone  was  apparent  by  the  six¬ 
teenth  day  (Fig.  1,  C).  The  control  and  sham-operated  animals  presented  a 
prominent  sudanophobic  zone  throughout  the  entire  experimental  period.  Since 
several  investigators  have  described  the  lipid  droplets  of  the  zona  fasciculata 
as  fine  when  the  gland  is  in  a  state  of  activity  and  much  coarser  during  inac¬ 
tivity,*’  ®  these  results  seem  to  indicate  an  increased  lipid  activity  in  the 
fasciculata  of  the  desalivated  animals. 

Birefringence. — No  detectable  differences  in  size  and  concentration  of 
birefringent  particles  w’ere  noted  in  either  the  zona  glomerulosa  or  zona  reticu¬ 
laris  of  all  three  experimental  groups.  The  zona  fasciculata  in  the  control  and 
sham-operated  animals  had  a  predominance  of  coarse  birefringent  particles 
during  the  first  6  days,  and  about  equal  amounts  of  coarse  and  fine  particles  up 
to  the  thirty-second  day  (Figs.  2,  A  and  3,  A).  In  contrast  to  either  the  control 
or  sham-operated  animals  the  fasciculata  of  the  desalivated  animals  during  the 
first  six  days  had  very  fine  birefringent  particles  (Figs.  2,  B  and  3,  B).  There¬ 
after  they  appeared  similar  to  the  controls.  Since  accumulating  evidence  sug¬ 
gests  that  coarse  birefringence  is  indicative  of  inactivity  or  storage,  and  fine 
birefringence  is  indicative  of  activity  or  secretion,^’  these  results  seem  to 
indicate  that  the  fasciculata  of  desalivated  animals  is  a  very  active  zone  during 
the  6  days  following  surgery. 

Schiff  Reaction. — The  control  and  sham-operated  animals  had  a  strong 
Schiff  reaction  in  the  zona  fasciculata  and  a  considerably  less  intense  reaction 
in  both  the  glomerulosa  and  reticularis  throughout  the  entire  thirty-tw’O  days. 
The  desalivated  animals  appeared  to  have  an  increased  intensity  of  reaction  in 
the  zona  fasciculata  during  the  first  six  days,  and  thereafter  were  identical  to 
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Figr-  2. — Adrenal  cortices  of  rats  illustrating  the  distribution  and  quantity  of  birefringent 
lipids.  (Orig.  Mag.  XlOO;  reduced  A  is  a  control  female  at  48  hours  on  the  experiment. 

In  both  controi  and  sham-operated  animals  the  birefringence  is  characteristically  coarse.  B  is 
a  desalivated  female  at  the  same  period.  Note  fine  birefringence  in  the  fasciculata. 
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Fig.  3. — A,  Birefringent  properties  of  a  control  animal  at  the  sixth  experimental  day.  B, 
The  persistence  of  flne  birefringence  in  the  desalivate  rat’s  cortex.  (Orig.  Mag.  XlOO; 
reduced  %.) 
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the  control  animals.  Since  considerable  question  has  been  placed  upon  the 
specificity  of  this  reaction,^®’ its  interpretation  is  open  to  criticism.  Neverthe¬ 
less,  the  intensity  of  the  plasmal  reaction  has  b(en  correlated  to  known  func¬ 
tional  states  of  the  adrenal  cortex®*  ^  and  it  is  felt  that  the  results  described 
here  indicate  a  more  active  fasciculata  in  the  animals  with  their  salivary  glands 
removed. 

Ascorbic  Acid. — Both  sexes  of  all  three  experimental  groups  showed  the 
same  distribution  and  concentration  of  ascorbic  acid  granules.  Up  to  the  sixth 
day  these  granules  were  present  only  in  the  glomenilosa  and  outer  fasciculata, 
particularly  the  sinusoids  of  the  latter.  Prom  the  sixth  to  the  twenty-fourth 
day  the  granules  were  evenly  distributed  throughout  the  fasciculata  but  still 
absent  from  the  reticularis.  By  the  thirty-second  day  a  uniform  distribution  in 
all  three  cortical  layers  was  noted. 

Uterus  and  Ovaries. — The  uteri  of  all  three  groups  during  the  first  10 
days  were  essentially  hormonally  unstimulated  organs  characterized  by  low 
columnar  cells.  The  ovaries  of  these  groups  during  this  same  period  had 
follicles  in  all  stages  of  development;  however,  none  were  mature  and  no 
corpora  lutea  were  present.  By  the  eighteenth  day  several  corpora  lutea  were 
present  in  the  ovaries  of  all  three  groups,  although  the  desalivated  animals 
characteristically  had  less  than  one-half  the  number  of  the  control  animals.  The 
control  uterus  was  definitely  stimulated  at  this  age  showing  a  vascular  and 
much  thicker  myometrium  than  it  did  6  days  previously,  and  a  well-developed 
endometrium.  The  major  difference  between  the  control  and  desalivated  uteri 
was  in  the  degree  of  development  of  the  whole  organ.  The  desalivated  animals 
had  a  much  less  well-developed  endometrium  and  the  whole  organ  was  consider¬ 
ably  smaller,  so  that  control  and  desalivate  uteri  could  readily  be  identified 
by  gross  inspection.  These  same  differences  between  control  and  desalivated 
ovaries  and  uteri  prevailed  throughout  the  last  16  experimental  days.  The 
differences  between  control  and  desalivated  ovaries  and  uteri  were  quantitative 
and  not  qualitative. 

DISCUSSION 

The  data  on  birefringence,  the  Schiff  reaction,  and  Sudan  stains  all  indi¬ 
cate  a  more  active  fasciculata  in  the  adrenal  cortex  of  the  desalivated  animals 
during  the  first  6  days.  Thereafter,  no  significant  differences  were  evident. 
It  seems  from  these  data  that  the  removal  of  the  major  salivary  glands  is 
accompanied  by  an  increased  adrenocortical  activity  particularly  in  the  zona 
fasciculata.  Upon  a  more  critical  examination  of  the  cellular  structure  of 
this  zone  in  the  3-day  desalivates  it  was  noted  that  a  marked  cellular  hyper¬ 
trophy  was  apparent.  The  cells  were  two  to  four  times  larger  than  those  of 
the  control  and  sham-operated  animals  and  many  appeared  frothy  and  vacuo¬ 
lated.  No  increase  in  the  number  of  cell  mitoses  was  observed  and  there  were 
no  apparent  evidences  of  hyperplasia.  This  same  condition  prevailed  to  the 
sixth  day  at  which  time  the  cortices  of  all  three  groups  were  essentially  identical. 
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P'rom  the  sixth  to  the  thirty-second  day  no  differences  between  any  of  the 
groups  were  observed.  Baker**  has  reviewed  the  effects  of  ACTH  on  the  adrenal 
cortex  in  hyperadrenocorticalism  and  observations  made  here  of  (1)  eyto- 
chemical  alterations,  (2)  cellular  hypertrophy,  and  (3)  no  increase  in  mitotic 
activity  in  desalivated  animals  are  all  indicative  of  a  moderately  ACTH-stimu- 
lated  gland. 

SUMMARY  AND  CONCLUSIONS 

The  adrenal  glands  of  desalivated,  sham-operated,  and  control  Sprague- 
Dawley  strain  rats  were  studied  histochemically  at  various  ages  to  determine 
their  functional  activity.  The  uteri  and  ovaries  were  examined  histologically 
for  any  alterations  which  might  accompany  desalivation. 

During  the  first  6  days  after  surgery,  activity  of  the  adrenal  cortex  of  the 

desalivated  animals  increased.  This  was  evidenced  by  the  intensity  of  the 

Schilf  reaction,  and  by  conspicuously  fine  birefringence.  Similarly,  the  Sudan 
stains  indicated  an  increased  lipoid  activity  during  the  same  period  in  the 

desalivated  animals,  and  the  marked  cellular  hypertrophy  of  the  cells  of  the 

fasiculata  indicates  an  ACTH-stimulated  gland.  The  control  and  sham-operated 
animals  did  not  have  any  of  these  same  alterations.  From  the  tenth  to  the 
thirty-second  day  no  differences  were  evident  between  any  of  the  three  experi¬ 
mental  groups. 

The  uteri  and  ovaries  of  the  desalivated  animals  revealed  no  pathologic 
alterations  although  the  uterus  of  the  desalivate  was  characteristically  a  con¬ 
siderably  smaller  and  less  well-developed  organ  than  that  of  the  control  or 
sham-operated  animals  at  the  same  age.  From  the  sixteenth  day  to  the  termi¬ 
nation  of  the  experiment,  the  ovaries  of  the  controls  and  sham-operated  animals 
had  two  to  three  times  as  many  corpora  lutea  as  the  desalivated  animals. 

The  results  of  this  study  indicate  that  the  removal  of  the  major  salivary 
glands  is  accompanied  by  an  increased  adrenocortical  activity.  Also,  the 
development  of  the  female  reproductive  system  is  retarded  in  desalivated 
animals. 
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THE  SEQUENCE  OF  CALCIFICATION  OF  THE  MANDIBULAR 
MOLAR  AND  PREMOLAR  TEETH 

STANLEY  M.  GARN,  A.B.,  A.M.,  Pii.D.,  ARTHUR  B.  LEWIS,  D.D.S.,  M.S.,  AND 
DOROTHY  W.  SHOEMAKER,  B.S. 

Fels  Research  Institute,  Antioch  College,  Yellow  Springs,  Ohio 
INTRODUCTION 

The  sequence  of  eruption  of  the  permanent  teeth  has  been  the  subject  of 
considerable  investigation  both  in  man  and  in  other  primates.  Though 
longitudinal  data  are  available  on  but  few  individuals  in  any  of  the  genera,  the 
more  usual  sequences  have  been  pieced  together  from  cross-sectional  studies, 
from  skeletalized  material,  and  from  the  investigation  of  fossilized  remains. 

For  recent  whites  the  eruption  sequence  given  by  Schultz,^  namely, 
Ml  Ii  I2  (Pi  C  P2)  M2,  may  be  taken  as  representative.  It  matches  the 
sequence  of  mean  eruption  times  given  by  Fulton  and  Price,^  and  the  means 
compiled  by  Hurme  on  93,000  white  children.^’  *  Unaccountably,  the  data  of 
Clements,  Davies-Thomas,  and  Pickett  on  Birmingham  (England)  white  chil¬ 
dren  give  the  M2  P2  variant  as  the  more  likely  for  the  mandibular  teeth  in 
both  boys  and  girls.®-  ®  For  races  other  than  white  the  M2  P2  sequence  has 
been  reported,^®  and  this  latter  sequence  obtains  in  a  number  of  fossil 
hominids,^®  as  it  does  among  the  great  apes  in  general.'- " 

Little  has  been  published  on  the  sequence  of  calcification  (the  order  of 
appearance  of  cusp  or  crown  calcification)  for  these  same  teeth  although 
Grewel*  stated  that  the  second  molar  begins  to  form  in  time  between  Pi  and  P2. 
Therefore,  it  is  not  possible  to  say  whether  the  calcification  sequence  matches 
the  eruption  sequence  either  on  an  individual  or  on  a  group  basis.  Moreover, 
the  extent  of  racial  differences,  prior  to  eruption,  and  the  differences  between 
living  and  fossil  hominids  in  the  sequence  of  tooth  calcification  have  rarely  been 
explored  in  any  systematic  way. 

It  is  the  purpose  of  this  paper  to  provide  new  data  on  the  sequence  of 
calcification  of  the  mandibular  molar  and  premolar  teeth  in  contemporary 
American  white  children.  Further,  it  is  our  purpose  to  demonstrate  the  exist¬ 
ence  of  several  distinct  calcification  sequences  and  to  provide  evidence  that  these 
different  sequences  are  familial  in  nature  and  very  likely  are  genetically  de¬ 
termined. 

METHODS  AND  MATERIALS 

The  present  study  is  based  on  serial  oblique-jaw  x-rays  of  359  white  boys 
and  girls  aged  1  month  to  15  years.  These  subjects,  native-born  residents  of 
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southwestern  Ohio,  were  all  participants  in  the  Fels  Longitudinal  Studies  and 
had  been  examined  at  regular  intervals  since  birth.  A  few  children  with  marked 
growth  disturbances  have  been  excluded  from  the  investigation,  b’or  obvious 
reasons  children  congenitally  lacking  Pg  were  not  included  in  the  final  tabula¬ 
tions  on  the  sequence  of  calcification. 


Fig’.  1. — Reproduction  of  oblique-ja’w  x-rays  sho-wing  calcincation  sequences  described 
In  the  text.  A,  Mi.  Mi  calciflcation  evident,  no  other  permanent  teeth.  B,  Mi  Pi.  Mi  calcifi¬ 
cation  ■well  advanced,  early  Pi  calcification.  C,  Mi  Pi  Pj  Mi.  Pi  calcification  extending  to 
entire  crown.  Mi  cusp  calcification  only.  D,  Mi  Pi  (Pi  Mi).  Pi  and  Mi  equally  advanced.  E, 
Ml  Pi  Ml  Pi.  Ml  calcification  extending  to  entire  crown.  Pi  calcification  at  cusp  coalescence 
stage.  F.  Ml  Pi  Pi  Ml  Ml. 
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The  order  of  calcification  of  the  mandibular  molar  and  premolar  teeth  was 
determined  for  each  child,  primarily  by  reference  to  the  age  at  which  beginning 
(cusp)  calcification  was  first  noted  for  each  tooth.  Thus,  if  Mi  calcification  was 
observed  at  1  month  by  x-ray.  Pi  calcification  at  24  months,  P,  calcification 
at  30  months,  and  Mj  calcification  at  36  months,  the  sequence  was  written  as 
Ml  Pi  Pa  Ma. 

Not  infrequently,  however,  2  teeth  showing  no  sign  of  calcification  on  one 
regularly  scheduled  x-ray  both  evidenced  calcification  on  the  next  regular  film. 
In  such  cases  it  was  often  possible  to  assign  priority  by  referring  to  the  extent 
of  calcification.-  Thus,  if  at  36  months  !Ma  was  represented  by  seemingly  com¬ 
plete  crown  calcification,  and  Pa  as  only  a  slightly  calcified  cusp,  the  sequence 
Ma  Pa  could  be  assigned  (Fig.  1).  When  2  teeth  appeared  equally  advanced 
in  calcification,  no  attempt  was  made  to  assign  priority.  In  such  eases  it  could 
only  be  said  that  the  order  of  calcification  of  a  given  second  molar  or  second 
premolar  tooth  was  either  third  or  fourth,  and  in  writing  the  sequence  these 
“tied”  teeth  were  bracketed,  as  is  commonly  done  in  recording  the  eruption 
sequence. 

Although  serial  oblique-jaw  x-rays  were  taken  at  1,  3,  6,  and  9  months 
following  birth,  and  at  birthdaj's  and  “half-birthdays”  thereafter  (within  narrow 
tolerance  limits),  a  complete  series  ranging  from  beginning  calcification  of  Mi 
to  beginning  calcification  of  M3  was  not  available  for  all  subjects.  The  older 
children  in  the  Fels  Studies  were  well  along  in  childhood  when  the  present  jaw 
series  was  initiated,  while  the  youngest  children  are  still  infants.  This  study 
therefore  is  semilongitudinal  in  nature  and  the  number  of  ca.ses  used  in  each  part 
of  the  analysis  is  given  in  the  appropriate  table. 

It  should  be  clearly  understood  that  the  present  study  refers  to  tooth 
calcification  as  seen  in  x-rays,  and  not  to  emergence  or  eruption.  It  is  limited 
to  those  5  teeth  best  visualized  in  oblique-jaw  x-rays,  which  are  superior  to 
lateral-head  x-rays  for  this  purpose  since  there  is  no  superimposition. 

FINDINGS 

As  shown  in  Table  I,  3  of  the  5  mandibular  molar  and  premolar  teeth 
appear  to  hold  unvarying  positions  in  the  calcification  sequence.  Mi  was  first, 
in  all  of  293  cases  observed,  ^la  was  invariably  last  in  140  cases,  and  among  202 
cases  Pi  was  always  second  to  calcify  of  these  5  mandibular  teeth. 

In  contrast,  P2  and  Mg  both  exhibited  considerable  variability.  In  some 
children  P2  was  third,  and  in  others  fourth.  Conversely,  M2  calcification  ap¬ 
peared  third  in  some  children,  and  fourth  in  others.  In  a  large  number  of 
eases  (145),  P2  and  M2  calcification  was  noted  for  the  first  time  in  the  same 
x-ray,  and  without  evidence  as  to  which  should  be  assigned  priority  (Table  I). 

There  was  a  definite  tendency  for  P2  to  appear  third  more  often  than 
fourth  (69  vs.  43  cases)  and  for  M2  calcification  to  appear  fourth  more  fre¬ 
quently  than  third  (76  vs.  47  cases).  Furthermore  there  was  evidence  that 
the  order  of  calcification  was  influenced  by  sex.  Thus  the  precedence  of  P2 
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calcification  over  ;M2  was  more  clearly  defined  in  the  girls  than  in  the  boys. 
“Bunching”  was  significantly  more  prevalent  in  the  l)oys  (44.9  per  cent)  as 
eontra.sted  with  girls  (31.4  per  cent). 


Table  I 

Order  ok  Calcification  of  Mandibuiar  Molars  and  Premoiars 


TfJOTH  AND  SEX 

F1R.ST 

SECOND 

THIRD 

THIRD- 

FOURTH 

FOURTH 

FIFTH 

H 

PER 

1  CE.NT 

E9 

PER 

CENT 

2^11 

PER 

CENT 

NO.  1 

PER 

CENT 

P, 

Boys 

106 

100.0 

106 

P, 

Girls 

96 

100.0 

96 

P, 

Combined 

202 

100.0 

202 

P, 

Boys 

28 

30.1 

43 

46.2 

22 

23.7 

93 

P, 

Girls 

41 

45.1 

29 

31.8 

21 

23.1 

91 

P, 

Combined 

69 

37.5 

72 

39.1 

43 

23.4 

184 

M. 

Bovs 

153 

100.0 

153 

M, 

Girls 

140 

100.0 

140 

M, 

Combined 

293 

100.0 

293 

M, 

Boys 

25 

25.3 

43 

43.4 

31 

31.3 

99 

M, 

Girls 

22 

22.7 

30 

30.9 

45 

46.4 

97 

M, 

Combined 

47 

24.0 

73 

37.2 

76 

38.8 

196 

M, 

Bovs 

67 

100.0 

67 

M, 

Girls 

73 

100.0 

73 

M, 

Combined 

140 

100.0 

140 

Among  the  191  boys  and  girls,  for  whom  the  entire  sequence  of  calcification 
could  be  determined,  the  Mi  Pi  P2  M2  ISIs  sequence,  characterized  by  pre¬ 
cedence  of  P2  over  M2,  was  observed  in  40.3  per  cent.  In  37.7  per  cent  the 
Ml  Pi  (P2  M2)  M3  sequence  was  assigned,  since  P2  and  M2  calcification  ap¬ 
peared  simultaneously.  In  21.9  per  cent  the  Mi  Pi  M2  P2  M3  sequence  was 
manifest,  w'ith  M2  earlier  to  calcify  than  P2.  Thus  less  than  half  of  the  children 
follow'ed  the  simple  Mi  Pi  P2  Mg  M3  sequence  that  might  have  been  expected 
on  the  basis  of  the  eruption  means.  The  extent  of  sex  differences  in  the 
calcification  sequence  is  shown  in  Table  II. 


Table  II 

Freqcency  of  the  Different  Calcification  Sequences  in  Boys  and  Girls 


SEQUENCE  AND  CHARACTERISTIC 

BOYS 

GIRLS 

1  TOTAL 

NO. 

1  '7r  1 

1  NO. 

1  % 

1  NO. 

1  % 

M.  P,  P,  M,  M, 

P,  M, 

31 

32.3 

46 

Hi 

M.  P.  M,  P,  M. 

M  ,  P, 

21 

21.9 

21 

M.  P,  (P,  M,)M. 

(P,  M,) 

44 

45.8 

28 

•Sex  differences  not  sigmiflcant  at  p  =  .05.  The  male  and  female  distributions  are 
slRnlflcantly  different,  however,  by  the  X*  test. 


Table  III 

Frequency  of  the  Different  Calcification  Sequences  in  Siblings  of  Children 
Exhibiting  Each  of  These  Sequences 


SEQUENCE  IN 
INDEX  CASES 

SEQUENCE  IN 

SIBLINGS 

P, 

M, 

(P,  M,) 

M,  P, 

TOTAL 

NO. 

NO. 

1  ‘7r 

NO.  1  % 

NO.  1  % 

P,  M, 

26 

66.6 

10  25.6 

3  7.7 

39 

(P,  M,) 

18 

41.9 

13  30.2 

12  27.9 

43 

M,  P, 

6 

27.3 

6  27.3 

10  45.5 

22* 

•All  three  distributions  significantly  different  at  p  =  .05  or  better  by  the  test. 
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While  these  different  sequences  1*,  M,  (I**  Mj)  ainl  M,  1’,  iiiiKht  he  at¬ 
tributed  to  chance,  sibling  parings  suggested  that  other  factors  were  opera¬ 
tive  (Table  III).  Siblings  paired  with  children  exhibiting  the  1*,  Mj  sequene<* 
followed  this  sequence  more  often  than  would  be  expected  on  the  basis  of  th** 
population  figures  (66.6  per  cent  as  compared  to  40.11  per  cent).  Among 
siblings  of  the  (P2  M2)  children,  the  P2  sequence  was  less  common  and  the 
M2  P2  sequence  more  common  (Fig.  2).  Siblings  of  Mj  P2  children  showed  an 
increased  proportion  with  the  same  calcification  sequence  (45.5  per  cent  as 
compared  with  a  population  percentage  of  21.9  per  cent). 

PERCENT 

0  25  50  75  100 

I  I  I  I  I 

TOTAL  GROUP 
(FROM  TABLE  ID 


SIBLINGS  OF 
PjMj  CHILDREN 

SIBLINGS  OF 
(PjMjlCHILDREN 

SIBLINGS  OF 
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Fig.  2. — Bar  graphs  showing  frequency  of  Pi  Ms  (Ps  Ms)  and  Ms  Pi  calcification 
sequences  in  siblings  of  children  with  the  Pi  Ms  (Ps  Ms)  and  Mi  Pi  sequences,  respectively. 
There  is  evidence  for  a  tendency  for  the  Pi  Ms  and  Ms  Pi  sequences  to  "pile  up"  in  particular 
family  lines. 

DISCUSSION 

It  is  evident  from  the  findings  that  there  are  3  distinct  sequences  of 
calcification  characteristic  of  the  mandibular  molar  and  premolar  teeth,  and 
that  these  sequences  depend  upon  whether  calcification  of  P2  precedes,  follows, 
or  is  simultaneous  with  beginning  calcification  of  M2. 

Percentagewise,  the  ^(2  P2  sequence  occurred  least  often,  yet  appeared 
in  22  per  cent  of  both  boys  and  girls.  The  P2  M2  and  (P2  M2)  sequences  w'ere 
almost  equally  common,  and  there  was  evidence  that  concurrent  calcification 
of  P2  and  M2  tends  to  be  a  male  characteristic.  In  beginning  calcification,  as  in 
tooth  emergence,  “bunching”  of  these  2  teeth*  appears  to  be  a  male  trait. 
In  some  undetermined  way,  .sex  influences  the  timing  of  tooth  calcification, 
both  in  the  dentition  as  a  whole,  and  diflFerentially  for  different  classes  of 
teeth. 

The  evidence  accumulated  in  this  .study  does  not  support  the  idea  that 
the  different  calcification  sequences  are  merely  chance  combinations  such  as 
the  combination  of  an  early  calcifying  .second  molar  and  a  late  calcifying 
second  premolar.  Rather  the  P2  M2  and  M^  P2  calcificjition  sequence  tends  to 
pile  up  in  family  lines,  suggestive  at  least  of  genetic  control.  It  may  be  of 
some  interest  to  note  that  children  in  the  Fels  series  congenitally  lacking  P2 
tend  to  come  from  M2  P2  families,  almost  as  though  late  1%  calcification  were 
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the  partial  expression  of  a  trait  characterized  by  total  suppression  when  fully 
expressed.  This  presents  a  new  alternative  to  the  concurrently  accepted  idea 
that  reduced  tooth  size  represents  the  partial  expression  of  a  gene  favoring 
complete  suppression. 

Since  the  relationship  between  the  sequence  of  calcification  and  the  .sequence 
of  eruption  has  not  been  worked  out,  either  on  an  individual  or  a  group  basis, 
it  is  obviously  premature  to  link  them.  Needless  to  say,  there  is  no  certainty 
that  a  child  who  is  P2  in  the  calcification  sequence  might  not  appear 
(P2  M2)  or  even  P2  ^[2  in  tooth  emergence.  However,  we  should  note  that 
80  per  cent  of  the  children  in  this  study  conform  in  their  calcification  sequence 
to  the  sequence  of  emergence  considered  “typical”  for  whites  in  general,  and 
characteristic  of  Indians  as  well.*® 

The  1^2  P2  calcification  sequence,  however,  is  reminiscent  of  the  emergence 
sequence  typical  of  anthropoids,  and  reported  for  some  fossil  men,  and  for 
some  nonwhite  populations.*’  *“’  **  In  contrast  to  what  has  been  written,  it  sug¬ 
gests  that  there  has  been  no  “sharp  break”  between  the  anthropoids  and 
fossil  man  on  the  one  hand  and  recent  man  on  the  other,  but  rather  a  gradual 
evolutionary  shift  in  the  direction  of  precedence  of  P2  over  ^l2,  with  differential 
rates  of  evolution  in  different  hominid  groui)s.  The  fact  that  some  of  the  re¬ 
ports  on  tooth  “emergence”  in  nonwhites  are  actually  based  on  radiographs 
of  skeletalized  material  makes  a  further  discussion  impractical  at  this  time. 

The  value  of  the  longitudinal  method  to  dental  research  is  demonstrated 
in  this  study.  Quite  obviously  the  results  obtained  w’ould  have  been  very 
difficult  to  achieve  through  the  cross-sectional  investigation  of  even  a  much 
larger  sample  of  children,  hhirthermore,  treatment  of  the  data  in  the  usual 
way,  computing  means  and  standard  deviations,  and  stressing  teeth  rather  than 
children,  would  have  lost  the  (P2  Mo)  and  M2  P2  sequences  entirely.  Problems 
involving  sequence  and  patterning  during  growth  and  development  are  best 
approached  longitudinally  and  with  the  inclusion  of  siblings  in  the  sample 
under  consideration. 

SUMMARY 

1.  The  sequence  of  calcification  of  the  mandibular  molar  and  premolar  teeth 
w’as  investigated  in  serial  oblique-jaw’  x-rays  of  1159  native-born  white  children 
from  southwestern  Ohio. 

2.  Ml  Pi  and  M3  invariably  showed  initial  calcification  first,  second,  and 
last,  respectively.  P2  and  M2  calcification  varied  in  the  order  of  appearance, 
and  in  many  eases  these  teeth  began  to  calcify  at  the  same  time. 

3.  In  the  girls  the  tendency  for  P2  to  precede  M2  w’as  more  marked.  The 
boys,  how'ever,  tended  to  the  (P2  M2)  sequence,  thus  exhibiting  “bunching” 
in  tooth  calcification  as  they  are  known  to  do  in  tooth  emergence. 

4.  Among  191  boys  and  girls,  the  Mi  Pi  P2  M2  ^la  sequence  was  observed 
in  40.3  per  cent,  the  Mi  Pi  (P2  M2)  M3  sequence  in  37.7  per  cent,  and  the 
Ml  Pi  M2  1*2  M3  sequence  in  21.9  per  cent. 
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5.  Siblings  of  P2  M2  children  tended  to  the  P2  M2  sequence  and  siblings 
of  ^l2  P2  children  to  the  M2  P2  sequence  more  often  than  would  be  expected 
on  a  chance  basis. 

6.  It  was  suggested  that  there  has  been  a  gradual  evolutionary  change 
from  the  M2  P2  sequence  in  the  direction  of  the  P2  M2  sequence,  with  a  dif¬ 
ferent  rate  of  evolution  in  different  hominid  groups. 

We  wish  to  thank  Alan  C.  Lapiner  and  Richard  W.  Young  for  statistical  assistance 
and  Lois  A.  Conklin  for  aid  in  manuscript  preparation.  Ruth  Bean  made  all  arrangements 
for  the  scheduling  of  the  children  at  regular  inten-als,  within  very  narrow  tolerance  limits. 

REFERENCES 

1.  Schultz,  A.  H.:  Age  Changes  and  Variability  in  Gibbons,  Am.  J.  Phys.  Anthopol.  N.S. 

2:  1,  1944. 

2.  Fulton,  J.  T.,  and  Price,  B.:  Longitudinal  Data  on  Eruption  and  Attack  of  the  Perma¬ 

nent  Teeth,  J.  D.  Bes.  33:  65,  1954. 

3.  Hurme,  V.  O.:  Standards  of  Variation  in  the  Eruption  of  the  First  Six  Permanent 

Teeth,  Child  Development  19:  213,  1948. 

4.  Hurme,  V.  O.:  Ranges  of  Normalcy  in  the  Eruption  of  Permanent  Teeth,  J.  Dent. 

Child.  16:  11,  1949. 

5.  Clements,  E.  M.  B.,  Davies-Thomas,  E.,  and  Pickett,  K.  G.:  Time  of  Eruption  of 

Permanent  Teeth  in  British  Children  in  1947-48,  Brit.  M.  J.  1:  1421,  1953. 

6.  Idem:  Order  of  Eruption  of  the  Permanent  Human  Dentition,  Brit.  M.  J.  1:  1425, 

1953. 

.  7.  Drennan,  M.  R.:  L’ordre  d’eruption  des  dents  permanentes  chez  les  boschimans, 
UAnthropologie  42:  491,  1932. 

8.  Broom,  R.,  and  Robinson,  J.  T.:  Eruption  of  the  Permanent  Teeth  in  the  South 

African  Fossil  Ape-Men,  Nature  (Lond.)  167:  443,  1951. 

9.  Grewel,  F.:  De  Doorbraaktijd  der  Elementen  van  het  Blijvend  Gebit,  Amsterdam, 

1935,  Scheltema  &  Holkema’s  Boekhandel. 

10.  Schultz,  A.  H.;  Eruption  and  Decay  of  the  Permanent  Teeth  in  Primates,  Am.  J.  Phys. 

Anthropol.  19:  489,  1935. 

11.  Schultz, 'A.  H.:  Growth  and  Development  of  the  Chimpanzee,  Contributions  to  Em¬ 

bryology,  170,  Carnegie  Institution  of  Washington,  1940. 

12.  Lasker,  G.  W.:  Genetic  Analysis  of  Racial  Traits  of  the  Teeth,  Cold  Spring  Harbor 

Symposia  on  Quantitative  Biology  15:  191,  1950. 

13.  Shourie,  K.  L.:  Eruption  Age  of  Teeth  in  India,  Indian  J.  M.  Bes.  34:  105,  1946. 


FURTHER  STUDIES  ON  THE  EFFECT  OF  PROLONGED  SLEEP  ON 
THE  ERUPTION  OP  THE  RAT  INCISOR 

S.  ORS6S  AND  E.  BARTHA 

Stonuitoloffical  Clinic,  University  Medical  School,  Debrecen,  Hungary 

The  effect  of  prolonged  sleep  on  the  rate  of  eruption  of  the  incisor  of  the 
albino  rat  held  on  suboi)tinial  nutritional  rejjimen  has  been  described.*  It 
has  been  shown  that  there  are  several  methods  capable  of  inducing  accelerated 
eruption  of  the  rat  incisor,  i.e.,  dissection  of  the  inferior  alveolar  nerve,** 
repeated  cutting  of  the  incisal  edge,®  dissection  of  the  cervical  sympathetic 
nerve,®  changes  in  the  consistency  of  food,*’  ®  use  of  protracting  and  retracting 
rubber  bands.  The  most  marked  increase  has  been  attained  by  repeated  cutting 
of  the  incisal  edge.  It  appeared  worth  while  to  ascertain  what  happens  under 
similar  ex])erimental  conditions  to  the  incisor  of  rats  in  whom  prolonged  sleep 
is  induced  by  administration  of  drugs.  In  our  first  series,  animals  were  not 
optimally  nourished  and  were  deficient  in  weight  in  comparison  to  rats  fed 
optimally.  Possibly,  for  this  reason,  the  eruption  rate  of  our  controls  was 
less  than  data  in  the  literature  indicated  as  being  normal.  Therefore  it  was 
necessary  to  control  our  previous  findings  in  rats  fed  optimal  diets. 

MATERIAL  AND  METHODS 

Mature  albino  rats  of  both  sexes,  equal  age,  and  held  since  birth  under 
identical  conditions,  w^ere  used.  The  diet,  a  formula*  of  the  Hungarian  State 
Institute  of  Nutrition,  was  given  by  placing  a  quantity  into  the  cages  exceed¬ 
ing  the  daily  consumption.  The  food  w’as  taken  ad  libitum.  Fresh  food  was 
placed  into  the  cages  daily. 

Prolonged  sleep  was  induced  by  subcutaneous  injections  of  a  mixture  of 
8  per  cent  paraldehyde  and  8  per  cent  ethyl  urethane  dissolved  in  distilled 
water.  One  injection  was  given  daily.  Forty  milligrams  of  each  of  the  drugs 
was  given  for  100  Gm.  of  body  weight.  This  dosage  is  well  tolerated.* 

The  eruption  rate  of  the  incisor  was  ascertained  by  marking,  at  weekly 
intervals,  all  4  incisors  in  all  rats  with  a  sharp  cutting  dental  disc  at  the  level 
of  the  gingival  margin  and  by  measuring  the  distance  between  2  subsecpient 
markings  with  iirecision  calipers  permitting  an  accuracy  of  0.01  mm.  In 
all  animals  the  opposing  upper  and  lower  incisor  of  one  side  was  ground  as 
much  as  possible  without  injuring  the  pulp,  at  intervals  of  1  week.  In  one- 
half  of  the  animals  the  left  and  in  the  other  half  the  right  incisors  were  cut 
in  this  manner.  Measurements  were  carried  out  in  30  animals  through  an 

Received  for  publication  Feb.  19,  1955. 

•The  finely  ground  mixture  of  20  per  cent  wheat  grains,  20  per  cent  rye  gain.s,  20  per 
cent  barley  grains,  15  per  cent  corn  grits,  10  per  cent  oat  grains,  8  per  cent  oily  seeds.  8  per 
cent  casein,  1  per  cent  calcium  lactate,  0.5  per  cent  NaCI.  and  0.5  per  cent  dried  alfalfa 
mixed  with  water  to  form  a  pap  (TarJAn,  SAsdi,  and  DAnes*). 
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experimental  period  of  4  weeks.  The  first  marks  were  made  in  the  teeth  of  the 
experimental  animals  4  days  after  having  started  with  the  administration  of 
the  narcotic  drugs.  Results  of  measurements  were  subjected  to  elementary 
statistical  analysis. 

FINDINGS 

Results  of  measurements  are  summarized  in  Table  I.  In  comparing  the 
weekly  growth  rates,  as  well  as  the  combined  results  of  the  4-week  experiment, 
a  marked  difference  between  experimental  animals  and  controls  is  obvious. 
This  difference  is  found  in  both  the  maxillary  and  mandibular  incisors.  The 
difference  was  statistically  significant  (Table  II).  The  eruption  rate  of  the 
intact  (noncut)  incisors  was  significantly  greater  in  the  experimental  group 
comiiared  with  the  controls.  The  results  of  our  first  report^  thus  were  verified  in 
optimally  fed  animals. 


Table  I 

The  Weekly  Eruption  Rates  of  Upper  and  Lower,  Intact,  and  Cut  Incisors  in 
Experimental  and  Control  Animals 


1  upper  INCISORS 

LOWFJl  INCISORS 

INTACT 

CUT 

INTACT 

CUT 

GROUP 

WEEK 

N 

M  ±  e 

M  ±  « 

M  ±  e 

M  ±  e 

Exp. 

I 

24 

2.51  ±  0.03 

3.40  ±  0.03 

4.04  ±  0.04 

5.75  ±  0.03 

Exp. 

II 

23 

2.63  ±  0.03 

3.67  ±  0.03 

4.13  ±  0.03 

6.31  ±  0.03 

Exp. 

III 

22 

2.40  ±  0.03 

3.60  ±  0.04 

3.88  ±  0.04 

6.13  ±  0.03 

Exp. 

IV 

22 

2.78  ±  0.02 

3.58  ±  0.02 

3.68  ±  0.03 

5.78  ±  0.03 

Exp. 

I-IV 

91 

2.59  ±  0.05 

3.56  ±  0.04 

3.98  ±  0.08 

5.99  ±  0.07 

Control 

I-IV 

16 

2.33  ±  0.03 

3.24  ±  0.06  ^ 

3.13  ±  0.07 

5.84  ±  0.04 

N  =  number  of  measurements  (animals). 

M  =  mean  of  the  weekly  eruption  rate  in  millimeters. 

(  =  standard  error  of  the  mean. 

lOxp.  =  animals  receiving  daily  injections  of  the  parahlel»yde-ethyl  urethane  mixture. 
40  mg.  of  each  drug  for  100  Gm.  weight. 


Table  II 

St.\TISTICAL  iSlONlFICANOE  OF  DIFFERENCES 


ERUPTION  RATES  COMPARED  l 

DIFFERENCE 

OF  ME.VNS 

STANDARD 
ERROR  OF 
DIFFERENCE 

Exp.  intact  upper  inc. 

vs. 

Contr.  intact  upper  inc. 

0.26 

±  0.06 

Exp.  cut  upper  inc. 

VS. 

Contr.  cut  upper  inc. 

0.32 

±  0.07 

Exp.  intact  lower  inc. 

V8. 

Contr.  intact  lower  inc. 

0.85 

±  0.10 

Exp.  cut  lower  inc. 

vs. 

Contr.  cut  lower  inc. 

0.61 

±  0.08 

Exp.  cut  upper  inc. 

vs. 

Exp.  intact  upper  inc. 

0.97 

±  0.06 

Exp.  cut  lower  inc. 

V8. 

Exp.  intact  lower  inc. 

2.01 

±  0.10 

Contr.  cut  upper  inc. 

vs. 

Contr.  intact  upper  inc. 

0.91 

±  0.06 

Contr.  cut  lower  inc. 

vs. 

Contr.  intact  lower  inc. 

2.71 

±  0.08 

I 


The  marked  acceleration  of  the  eruption  rate  resulting  from  cutting  the 
edge  of  the  incisor  is  exiilained  adequately  by  loss  of  contact  with  antagonists 
during  function,  lessening  the  intruding  forces  that  act  upon  the  erupting 
tooth.  According  to  Taylor  and  Butcher,®  a  100  per  cent  increase  in  the 
eruption  rate  is  oKserved  if  the  incisor  is  cut  at  the  edge  at  2  to  4  days’ 
intervals.  In  our  experiments  incisors  were  cut  once  weekly  only.  Thus, 
the  inci.sors  were  not  freed  from  contact  with  functioning  antagonists  through 
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the  total  experimental  period  in  contrast  to  the  experiments  of  Taylor  and 
Butcher.  For  this  reason  a  direct  comparison  of  their  increase  and  ours  is 
not  justified.  Accordiii}?  to  our  observations,  there  is  no  contact  between  the 
shortened  incisors  at  the  end  of  the  third  day  after  having  been  cut  but  after 
4  days  a  definite  contact  could  be  seen.  Therefore,  it  is  assumed  that  the 
difference  observed  in  the  eruption  rate  of  the  intact  and  cut  incisor  of  the 
same  animals  is  due  to  differences  in  eruption  during  the  first  half  of  each 
week.  In  the  second  halves  of  all  4  weeks,  opposing  incisors  are  in  contact 
in  spite  of  having  been  cut.  The  eruption  rate,  during  the  second  half  of 
each  week,  presumably,  is  equal  to  that  of  incisors  that  were  in  contact  with 
their  antagonists  during  the  whole  experimental  period.  On  the  basis  of 
these  considerations,  the  weekly  eruption  rates  were  divided  into  2  phases, 
one  for  the  first  and  one  for  the  .second  half  of  everj’  week.  The  eruption 
rate  should  be  eipial  in  both  phases  for  the  intact  (noncut)  incisors  and  in 
the  second  phase  for  the  cut  incisor.  The  total  difference  observed  is  then 
transposed  to  the  first  halves.  Results  of  this  computation  are  summarized 
in  Table  III.  In  comi)aring  the  eruption  rates  in  the  first  phases  between 
intact  and  cut  incisors,  differences  of  equal  range  ai*e  obvious  as  in  the  experi¬ 
ments  of  Taylor  and  Butcher.® 


Table  111 

Half-Weekly  Eri’ftion  Rates  of  Intact  and  Cut  Incisors 


HALVES 
OF  THE 
WEEKS 

TOOTH 

GROWTH  IN  MM.  OF 

CUT  INTACT 

INCISORS 

GROWTH  OP  CUT  INCISOR  IN 
PER  CENTS  OP  THE  INTACT 

ONE 

PERCENTAGE 
INCREASE  OP 
ERUPTION  RATE 

1.  Control  animals 

first 

upper 

2.075 

1.165 

178 

78 

second 

upper 

1.165 

1.165 

_ 

first 

lower 

4.275 

1.565 

273 

173 

second 

lower 

1.565 

1.565 

— 

— 

2.  Experimental  animals  (prolonged  sleep) 

first 

upper 

2.265 

1.295 

175 

75 

second 

upper 

1.295 

1.295 

—  — — 

_ 

first 

lower 

4.000 

1.990 

201 

101 

second 

lower 

1.990 

1.990 

_ _ 

_ 

Since  eruption  rates  in  second  halves  of  every  week  are  supposedly  equal,  the  last 
two  data  in  the  horizontal  rows  are  left  empty  as  regards  this  period. 


The  increase  of  the  eruption  rate  of  maxillary  incisors  is  approximately 
equal  in  experimental  animals  (prolongedly  sleeping)  and  controls,  whereas 
in  the  mandibular  incisors  a  difference  appears  to  exist.  Further  study  is  re¬ 
quired  to  determine  whether  or  not  this  is  due  to  chance  alone  or  to  any 
particular  heretofore  unidentified  factor. 

By  regarding  the  eruption  rates  as  divided  into  2  phases  it  seems  to  be 
apparent  that  the  eruption  rate  is  accelerated,  both  in  the  intact  and  in  the 
cut  incisor,  by  drug-induced  prolonged  sleep.  The  reason  for  the  increased 
eruption  rate  in  the  cut  incisor  is  a  reduction  of  retrusive  forces  acting  upon 
the  tooth.  Since  the  increase  in  the  eruption  rate  which  was  observed  for  the 
cut  incisors  of  experimental  (prolongedly  sleeping)  and  control  animals  was 
approximately  equal,  we  are  justified  in  assuming  that  the  eruption-promoting 
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effect  of  prolonged  sleep  is  not  due  to  lessening  of  intrusive  forces  acting  upon 
the  incisors.  This  observation  supports  the  conclusion  derived  from  our 
first  report,^  i.e.,  that  prolonged  sleep  acts  as  an  accelerator  of  the  eruption 
of  the  rat  incisor  per  se,  the  action  probably  being  due  to  the  transitory  partial 
paralysis  of  the  brain. 

SUMMARY 

By  prolonged  sleep,  induced  by  administration  of  a  mixture  of  paraldehyde 
and  ethyl  urethane,  the  eruption  rate  of  the  incisor  is  significantly  increased 
in  rats  fed  optimally.  The  eruption  rate  of  cut  incisors  (those  free  of  intrusive 
forces)  is  increased  to  the  same  degree  over  that  of  the  intact  incisors  in  pro- 
longedly  sleeping  animals  and  controls.  This  observ'ation  supports  the  view 
that  increased  eruption  rate  of  rat  incisors  during  prolonged  sleep  is  not 
due  to  reduced  intrusive  forces  acting  upon  the  tooth. 

The  authors  express  thanks  to  Dr.  P.  Adler,  Director  of  the  Stomatological  Clinic,  for 
his  aid  in  this  study  and  in  preparing  this  paper. 
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KI.KCTKOMKTRIC  STUDIES  OF  HUMAN  GINGIVA  IN  PREGNANCY 
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Connective  tissues  are  labile  in  response  to  the  influence  of  hormones 
and  changes  in  the  internal  environment.  This  behavior  is  determined 
by  changes  in  the  .state  of  aggregation  of  the  negatively  charged  eolloids, 
including  the  mucoproteins  of  the  ground  substance.*'^  The  oral  tissues, 
especially  the  gingivae,  participate  in  these  responses  of  connective  tissue.®'® 
The  changes  in  the  gingivae  of  women  during  pregnancy  illustrate  this  phe¬ 
nomenon.  There  may  be  considerable  swelling  with  the  development  of 
“pregnancy  tumors,”  or  less  di.stinctive  alterations  such  as  redness,  edema, 
and  bleeding.*  ®  Since  these  signs  do  not  appear  in  all  pregnant  women,  their 
direct  relation  to  the  i)regnant  state  has  been  questioned.^  An  objective  study 
of  this  condition  is  facilitated  by  an  electrometric  method®’  ®  which  deter¬ 
mines  the  change  in  state  of  the  connective  tissue. 

In  a  group  of  pregnant  women  examined  in  this  way  almost  all  showed 
evidence  of  disaggregation  of  the  gingival  connective  tissues,  though  often 
no  clinical  changes  could  be  observed.  Return  to  the  normal  state  occurred  in 
the  postpartum  period.  It  is  clear,  then,  that  the  gingival  tissues  participate 
in  the  generalized  .somatic  reaction  during  pregnancy. 

MATERIALS  AND  METHODS 

A  group  of  41  women,  Negroes  and  Caucasians,  whose  ages  ranged  from 
UI  to  35  years,  was  studied.  The  subjects  were  first  tested  during  pregnancy 
and  again  at  4  to  8  months  po.st  partum.  Only  21  of  the  41  were  available  for 
re-examination  after  parturition.  A  control  group  of  14  nonpregnant  women, 
whose  gingivae  appeared  normal  and  showed  no  inflammatory  changes,  was 
also  examined.  The  gingival  area  selected  for  testing  was  at  the  base  of  the 
interdental  papilla  between  the  mandibular  left  canine  and  first  premolar 
teeth. 

The  experimental  procedure  foll(»ws  that  of  Steck,  Montgomery,  Reed, 
and  Joseph,*"  who  measured  intra-articular  potentials  in  human  knee  joints. 
The  apparatus  consisted  ()f  2  saturated  KCl  calomel  half-cells,  with  NaCl  leads 
extending  from  each  cell  to  the  experimental  subject  (Fig.  1).  At  the  junc¬ 
tion  of  the  NaCl  ami  KCl  solutions,  saturated  KCl  agar  bridges  were  placed. 

This  work  was  supported  in  part  by  a  grant  from  the  Department  of  the  .\rmy.  Surgeon 
General’s  Office  (DA-49-007-MD-17). 
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One  load,  closed  with  a  .15  M  NaCl  agar  bridge,  was  taped  to  the  wrist  and 
the  contact  moistened  with  a  gauze  sponge  saturated  with  .15  M  NaCl.  This 
sol  ved  as  the  reference  junction.  The  other  lead  was  adapted  to  fit  the  hub 
of  a  needle  which  w'as  to  be  inserted  into  the  experimental  site.  The  schematic 
representation  is  given  by:  ng/Hg2(T./KCl/.15  M  NaCl/Skin/Gingiva/.15  AI 
or  .015  M  XaCl/KCl/HgjCla/IIg.  The  experimental  site  in  each  patient  was 
anesthetized  by  means  of  an  inferior  alveolar  block  with  a  2  per  cent  procaine 
solution  containing  1 :50,000  Adrenalin.  A  20  gauge  hypodermic  needle,  cut 
to  approximately  Yo  inch  length,  was  inserted  into  the  basal  portion  of  the 
papilla  and  maintained  manually  throughout  the  experiment.  Initially,  .15  M 
.\aCl  was  instilled  into  the  needle  with  a  syringe  using  a  27  gauge  needle.  The 
junction  with  .15  M  XaCl  w’as  formed,  and  the  potential  in  millivolts  was  de¬ 
termined.  This  was  followed  by  2  irrigations  with  the  same  solution.  When 


Kik.  1. — Schematic  representation  of  the  circuit  used  to  obtain  the  diiution  potentiais. 
The  base-line  potential  K  is  determined  with  .15  M  NaCl.  A  displaced  potential  is  determined 
with  .015  M  NaCl.  The  difference  between  the  two  is  termed  the  dilution  potential  Ed. 

3  readings  agreed  within  1  mv.,  the  average  w  as  taken  as  the  base-line  poten¬ 
tial,  E.  The  .15  M  saline  was  then  withdrawn  from  the  needle  and  replaced 
with  .015  M  NaCl,  a  1/10  dilution  of  the  isotonic  saline.  A  junction  with 
.015  M  NaCl  was  formed  in  the  gingival  connective  tissue  and  the  displacetl 
potential  E'  was  determined.  The  difference  between  E'  and  E  is  termed 
the  “dilution  potential”  Ej.  The  ba.se-line  readings  w’ere  restored  by  replacing 
the  dilute  salt  solution  with  the  normal  saline.  Two  or  three  flushings  sufficed 
to  obtain  reproducible  values.  Upon  return  to  the  base-line  potential,  the  ex¬ 
periment  was  completed. 
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The  relation  between  Ej  and  the  colloidal  charge  density  x  has  been  ex¬ 
pressed  by  the  approximation  formula 

Ed  =  -12.3  +  215x 

Where  Ed  is  expressed  in  millivolts  and  x  in  equivalents  of  immobile  negative 
colloidal  charge  per  kilogram  of  tissue  water.  The  constant,  -12.3  mv.,  repre¬ 
sents  the  value  of  the  junction  potential  between  0.15  M  and  0.015  M  NaCl 
solutions.  The  state  of  aggregation  of  the  colloids  of  connective  tissues  has 
been  related  to  the  value  of  x.**  ®  Loose  hydrated  tissues,  where  colloidal 

density  is  low,  give  negative  values  for  Ed,  approaching  -12.3  mv.  as  a  limit. 
Dense  tissues  such  as  cartilage  give  positive  values  for  Ed  which  may  be  as 
high  as  25-30  mv.,  and  values  of  x  of  .17-.20  equivalents  per  kilogram  of 
water. 

RESULTS 

A  summary  of  the  results  for  the  control  and  experimental  groups  ap¬ 
pears  in  Table  I  and  the  distribution  of  dilution  potential  values  is  illustrated 
in  the  histograms  of  Pig.  2.  The  control  group  showed  the  highest  and  most 
uniform  values.  Gingival  dilution  potentials  of  this  group  ranged  from  +6.9 
to  +11.9  with  a  mean  of  +8.7  mv.  This  corresponds  to  a  density  of  negatively 
charged  colloid  of  0.098  equivalent  per  kilogram  of  water.  Tests  of  pregnant 
women  yielded  the  lowest  values,  ranging  from  -2.8  to  +5.4  with  a  mean  of 
+1.6  mv.,  corresponding  to  a  value  of  0.065  equivalent  for  x.  The  postpartum 
potentials,  with  one  exception,  were  all  higher  than  the  prepartum  ones,  and 
approached  the  control  levels.  The  mean  value  was  +5.4  with  a  range  of  -1.7 
to  +8.4  millivolts,  the  value  of  x  being  0.082  equivalent.  A  comparison  of 
the  values  obtained  for  the  prepartum,  postpartum,  and  control  groups  shows 
a  highly  significant  difference  (P  <  .001).  Of  the  41  pregnant  women  tested, 
28  had  clinically  healthy  gingivae,  the  tissues  appearing  firm  and  pink  with 


Table  I 

States  oe  the  Gingiva  in  Normal  and  Pregnant  Women 


GROUP 

NO.  OP  EXP. 

MEAN  DIL.  POTEN. 

(±  S.E.) 

IMMOBILE  CH.\ROE 
DENSITY* 
(MEQ./KG.  H.O) 

Control 

14 

97.7 

Prepartum 

41 

+  1.6  ±.24  I  P<-001 

64.6 

Postpartum 

21 

+  5.4  ±  .43 

82.3 

•Calculated  from  Ed  =  -12.3  +  215x. 


no  bleeding  or  edema.  Seven  had  mildly  inflamed  gingivae,  while  6  patients 
showed  severe  involvement  with  redness,  swelling,  and  great  friability.  In 
the  presence  of  severe  gingival  involvement  the  potential  values  were  at  or 
below  zero.  In  the  postpartum  period  the  greatest  rise  in  the  dilution  poten¬ 
tials  was  observed  in  those  subjects  who  showed  no  clinically  visible  involve¬ 
ment  of  the  gingiva  during  pregnancy.  The  smallest  change  in  the  potential 
values  was  observed  in  those  subjects  who  showed  marked  clinical  involve¬ 
ment  of  the  gingiva  throughout  the  duration  of  the  experiment.  The  distribu¬ 
tion  curve  for  the  results  in  pregnancy  and  in  normal  women  is  of  the  normal 
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type,  while  that  for  the  prepartum  group  appears  to  be  bimodal.  The  two 
peaks  are  perhaps  characteristic  of  a  general  population  where  one  would 
find  2  groups,  one  having  inflamed  gingiva,  due  largely  to  local  factors,  and 
the  other  showing  healthy  tissues. 


-4  -2  0  2  4  6  8  10  12 
Dilution  potentiol  (Ed)  in  millivolts 


Fig.  2. — Histograms  representing  the  disttibution  of  the  groups  studied.  The  highest 
dilution  potentials  were  obtained  for  the  control  group,  while  the  lowest  were  those  of  the 
pregnant  group.  Values  fcr  the  postpartum  group  approached  those  of  the  normal.  The 
bimodal  distribution  of  the  postpartum  series  was  interpreted  to  be  representative  of  the 
general  population  where  one  group  may  have  inflamed  gingiva  due  largely  to  local  factors 
and  the  other  showing  healthy  tissues. 

DISCUSSION 

ronnective  tis.sue  consi.sts  of  cells  and  an  e.xtracellular  colloidal  matrix, 
formed  of  fibers  and  ground  substance.  Carbohydrate-protein  complexes  form 
important  constituents  of  the  ground  substance,  and  can  be  identified  in  tis¬ 
sue  sections  by  histochemical  and  chemical  means.^*  Such  studies  sug¬ 

gested  that  the  carbohydrate-protein  complexes  exist  as  polymers,  the  physico¬ 
chemical  properties  of  the  tissue  depending  on  their  state  of  aggregation.'  ® 
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Ill  loose  tissue  the  ground  substanee  is  considered  to  be  in  a  low  state  of  ag¬ 
gregation,  while  in  dense  tissues  such  as  cartilage  and  bone  it  is  believed  to  be 
highly  ])olynieri/ed.  The  labile,  reversible  state  of  connective  tissues  depends 
on  the  state  of  aggregation  of  the  ground  substance  which  is  mediated  by 
cellular  metabolism. 

Then  connective  tissues  are  considered  to  behave  as  heterogeneous  phys¬ 
icochemical  systems  which  contain  varying  density  of  immobile  negatively 
charged  aggregates.^’  ^  The  glycoproteins  of  the  ground  substance  evidently 
form  a  substantial  fraction  of  the  charged  colloid,  which  functions  as  a  cation 
exchange  resin. 

It  has  been  shown  in  experimental  studies  that  hormones  can  produce 
changes  in  the  colloidal  properties  of  a  variety  of  connective  tissues,  including 
the  gingiva.*"^’ Hy  histochemical  means,  these  were  identified  with 
alterations  of  the  glycoi)rotein  ground  substance.  An  increase  in  the  water- 
soluble  fraction  of  the  colloid  leads  to  uptake  of  water  and  to  the  apparent 
binding  of  intravitally  injected  Kvans  blue.^’  “  These  observations  are  con¬ 
sonant  with  the  idea  that  some  hormones  effect  a  depolymerization  of  the 
mucoj)roteins  of  the  ground  substance  or  stimulate  the  connective  tissue  cells 
to  produce  water-soluble  components,  leading  to  a  redistribution  of  tissue 
water  and  electrolytes. 

During  pregnancy,  endocrine  activity  may  lead  to  swelling  and  edema 
of  the  gingiva,  features  of  pregnaney  gingivitis.  Often  the  response  may  be 
more  subtle,  remaining  (K’cult  and  .subclinical,  and  requiring  sensitive  electro¬ 
chemical  or  histochemical  methods  in  order  to  be  demonstrated.  Similar  re¬ 
sponses  might  be  ex])eeted  during  the  puberal  period  and  during  certain  stages 
of  the  mensti  ual  cycle.  In  any  of  these  states  a  superimposed  stress,  such  as 
poor  hygien«‘,  faulty  (tcclusion,  or  general  illness  may  accentuate  the  condition 
to  the  point  (d  clinical  manifestation. 

The  change  in  the  density  of  colloidal  charge  in  gingival  connective  tissue 
resembles  the  i)roeess  observed  in  the  i)ubic  symphysis  of  the  guinea  pig  also 
during  pregnancy.*’  **  The  changes  in  tooth  mobility  during  pregnancy  ob¬ 
served  by  Miihlemann  seem  also  to  have  a  similar  basis.**  The  tissue  response 
in  pregnaney  ean  be  regarded  as  a  specific  instance  of  an  adaptation  of  the 
gingiva  induced  by  hormones, 

SUMMARY 

(Changes  in  the  gingival  connective  tissues  during  pregnancy  have  been 
demonstrated  using  an  electrometric  method.  The  density  of  negatively 
charged  colloid,  including  the  glycoproteins  of  the  ground  substance,  was 
decreased  in  the  early  months  of  pregnancy.  The  tissues  were  restored  to 
the  normal  state  several  months  after  parturition.  The  connective  tissue  al¬ 
terations,  present  in  almost  all  patients  studied,  were  often  unaccompanied 
by  any  clinical  signs.  This  resp<mse  of  the  gingiva  is  an  example  of  the  sen.si- 
tivity  of  oral  tissues  to  hormones  or  other  somatic  influences. 
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INTRODUCTION 


SEVERAL  types  of  bacteria  have  been  associated  with  the  etiology  of  caries, 
most  commonly  streptococci  and  laetobacilli,  which  are  both  acidogenic 
and  relatively  aciduric.  Streiitocoeci  are  more  numerous  in  saliva  and 
plaques’’  ^  but  laetobacilli  are  capable  of  producing  a  lower  pH  in  media. 
Furthermore,  the  relationship  between  high  numbers  of  salivary  laetobacilli 
and  low  pll  minima  in  plaques,^  and  the  correlation  between  the  continued 
presence  of  relatively  high  numbers  of  salivary  laetobacilli  and  caries  activity 
associate  these  organisms  with  the  decay  process.*  Considerable  work  has 
been  done  to  determine  whether  streptococci  or  laetobacilli  are  more  inti¬ 
mately  associated  with  caries,  and  the  work  has  been  recently  reviewed  by 
Rosebury®  and  Harrison.® 

A  number  of  adults  apparently  completely  resistant  to  caries,  have  been 
termed  “immune”  since  they  have  no  history  of  this  disease.  This  immunity 
has  not  been  associated  with  age,  sex,  race,  or  dietary  habits,  but  there  is 
some  evidence  suggesting  a  genetic  factor  in  caries  resistance.’  In  terms  of 
the  acidogenic  theory  of  caries,  it  must  be  assumed  that  the  organisms 
responsible  for  caries  in  susceptible  persons  are  absent  from  immune  mouths, 
or  that  the  acidogenic  activities  of  such  organisms  are  either  modified  or 
neutralized  in  immune  mouths.  This  last  would  imply  the  operation  of  some 
mechanism  in  the  immune  mouth  which  inhibits  or  modifies  the  activities  of 
potentially  cariogenie  organisms.  It  has  been  previously  shown  by  several 
investigators  that  salivary  lactobacillus  counts  in  immunes  are  very  low  and 
may  be  nonexistent  in  many  subjects,*’  ®  while  counts  of  streptococci  are 
nearly  the  same  in  both  immune  and  caries-.susceptible  salivas. 

The  puipose  of  the  investigations  presented  here  is  to  compare  the 
salivary  microflora  of  caries  immunes  and  suscejdibles  and  to  study  the  effect 
of  saliva  ui)on  certain  oral  organisms  in  vitro,  for  indications  of  possible 
mechanisms  of  immunity  to  dental  caries. 


MATERIALS  AND  METHODS 

The  adults  who.se  salivas  were  studied  were  divided  into  2  groups:  caries 
immunes  and  caries  susceptibles.  The  caries  immunes  had  no  evidence  of 

This  investigation  was  supix>rted  in  part  by  a  grant  from  the  Procter  and  Gamble  Co., 
of  Cincinnati,  Ohio. 
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caries  history  on  the  basis  of  clinical  and  roentgenologic  examinations.  Clini¬ 
cal  and  radiographic  examinations  were  made  of  this  group  at  intervals  to 
check  on  the  maintenance  of  the  immune  state.  The  caries-susceptible  group 
was  selected  only  on  the  evidence  of  past  caries  activity  disclosed  by  clinical 
examination. 

Saliva  for  baeteriologic  examination  was  collected  in  sterile  10  ml.  screw- 
cap  bottles  containing  two  glass  beads.  Paraffin  was  used  for  rapid  produc¬ 
tion  of  saliva.  All  samples  were  collected  no  less  than  1  hour  after  a  meal, 
and  the  subjects  were  requested  to  refrain  from  smoking  and  chewing  gum 
for  10  minutes  prior  to  collection. 

A  number  of  media  and  supplements  were  employed  for  cultivation  of 
salivary  microorganisms.  Tomato  juice  agar  was  prepared  according  to  the 
method  of  Hadley,^  containing  0.0004  per  cent  bromcresol  green  and  0.0001 
per  cent  sodium  azide. 

Saliva  which  was  added  to  media  was  pooled  saliva  obtained  by  con¬ 
tinuous  collection  from  6  to  12  subjects.  The  pooled  sample  was  held  at  4° 
C.  overnight,  then  centrifuged  for  10  minutes  at  2,000  r.  p.  m.  for  gross 
separation  of  the  heavy  mucinous  precipitate.  The  supernatant  was  filtered 
through  Whatman  No.  1  paper  in  a  Buchner  funnel,  using  suction.  The  re¬ 
sulting  filtrate  was  passed  through  a  Seitz  baeteriologic  filter  and  stored  in 
rubber-stoppered  vaccine  bottles  at  -10°  C.  These  operations  were  performed 
either  in  the  cold  or  with  chilled  equipment.  Filtered  saliva  was  tested  for 
sterility  by  inoculating  1  ml.  into  thioglycollate  broth  and  incubating  at  37° 
C.  for  7  days. 

When  a  sample  of  fresh  saliva  was  to  be  examined  bacteriologically,  the 
bottle  was  shaken  in  a  Kahn  shaking  machine  for  5  minutes.  Dilutions  of  the 
saliva  were  made  in  0.9  per  cent  saline  and  mixed  by  pipette ;  then  0.1  ml.  of 
the  proper  dilution  was  placed  on  the  surface  of  an  agar  medium  and  dis¬ 
tributed  over  the  surface  with  a  bent  glass  rod. 

All  cultures  were  incubated  at  37°  C.  After  a  suitable  period,  the 
colonies  on  the  plates  were  examined  with  the  aid  of  a  wide-field  microscope 
binocular  at  7  and  10  magnifications.  Turbidimetric  measurements  were  made 
with  an  Evelyn  colorimeter,  using  a  620  m/x  filter  with  colorless  solutions  and 
a  540  m/i.  filter  with  light  brown  solutions.  The  sub.st  rates  used  in  turbidi¬ 
metric  studies  were  made  as  follows:  (1)  filtered  saliva  diluted  1:1  with 
saline,  (2)  filtered  saliva  diluted  1 :1  with  .saline  containing  1  per  cent  glu¬ 
cose,  and  (3)  filtered  .saliva  diluted  1:1  with  tt)mat«>  juice  broth  pH  7.0. 
Anaerobiosis  was  obtained  with  Brewer  electric  anaerobic  jai*s.  E.stimation 
of  acid  production  was  visual,  except  where  otherwise  noted. 

RESULTS 

The  first  part  of  this  investigation  was  a  comparative  study  of  the 
salivary  microflora  of  caries-immune  and  caries-susceptible  individuals.  Saliva 
samples  were  obtained  from  25  subjects  in  each  group,  and  examined  by 
plating  on  several  media.  In  selecting  types  of  organisms  to  be  enumerated, 
emphasis  was  placed  upon  types  whose  physiology  would  suggest  them  for 
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a  place  in  the  caries  process.  Otherwise,  no  attempt  was  made  to  differentiate 
trenera  or  species,  and  eomparison  was  made  on  the  basis  of  the  groups  listed 
in  Table  I.  Colony  counts  of  acidogenie  streptococci  and  micrococci  on  tryp- 
tone  glucose  extract  agar  were  much  lower  than  the  counts  of  these  obtained 
on  blood  agar,  and  the  latter  were  accepted  as  the  total  counts.  Counts  of 

Table  I 


Median  Counts 

OE  Salivary  Microorganisms  From  25  Caries-Free 
SuscEiTiBLE  Human  Beings 

;  AND  25  Caries- 

OKOANISMS 

1  IMMUNE 

1  SUSCEPTIBLE 

Gin.  neg.  diplococci 

660,000 

400,000 

Gni.  neg.  rods 

100 

100 

Caseolytics 

100 

100 

Yeasts 

100 

100 

Streptococci 

30,000,000 

50,000,000 

Micrococci 

900,000 

1,000,000 

Lactobacilli 

Aerobic 

60 

8,000 

Anaerobic 

400 

18,000 

ME;ANS  AND  STANDARD 

e:rrors 

IMMUNE 

1  SUSCEPTIBLE  | 

“t”  1  PROBABILITY 

Gm.  neg.  diplococci 

5,160,000  ±  4,048,000 

1,278,333  ±  450,000 

Gm.  neg.  rods 

336  ±  200 

1,672  ±  1,200 

Caseolytics 

68  ±  8 

60  ±  6 

Yeasts 

25  ±  17 

258  ±  128 

1.806  0.08 

Streptococci 

27,940,000  ±  3,560,000 

38,584,000  ±  3,410,000 

Micrococci 

3,528,000  ±  1,580,000 

5,448,000  ±  2,700,000 

Lactobacilli 

Aerobic 

858  ±  290 

46,960  ±  16,600 

2.77  0.009 

Anaerobic 

1,081  ±  314 

399,960  ±  200,000 

1.99  0.05 

acidogenie  organisms,  though  not  i)re.sented,  were  not  statistically  different 
in  immune  and  .susceptible  saliva,  ('omits  of  lactobaeilli,  streptococci,  micro¬ 
cocci,  gram-negative  diplococci,  and  acidogens  were  made  both  aerobically 
and  anaerobically.  In  order  to  avoid  any  possible  inhibitory  property  of 
immune  saliva,  counts  weie  made  with  diluted  and  whole  saliva.  No  signifi¬ 
cant  difference  was  found  in  the  totals. 

In  Table  I  the  most  striking  difference  lies  in  the  numbers  of  lactobaeilli. 
Some  of  the  data  were  analyzed  by  the  “t”  test,  and  the  difference  was  shown 
to  be  significant.  The  counts  of  yeast  are  not  significantly  different,  despite 
the  tenfold  difference  in  the  means.  When  counts  were  made  from  saliva  - 
brain  heart  infusion  broth  dilutions  (1-10),  after  5  hours  incubation,  the 
saliva  dilutions  showed  no  difference  between  immune  and  susceptible  flora 
with  reference  to  the  original  counts. 

Organisms  other  than  lactobaeilli  were  at  times  observed  growing  on 
tomato  juice  agar  (pll  5).  These  were  identified  as  aciduric  streptococci 
which  grew  from  nearly  all  the  immune  salivas,  and  from  fewer  of  the  sus- 
cei)tible  samples.  This  confirms  the  work  of  Snyder,®  who  also  found  higher 
numbers  of  aciduric  streptococci  in  caries-free  mouths.  The  significance  of 
this  finding  is  not  apparent.  Aciduric  micrococci  were  observed  infrequently 
from  both  groups. 
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Hadley,  Bunting,  and  Delves®  described  several  morphologic  types  of  oral 
lactobacilli,  and  varieties  of  the  types  they  considered  most  common.  Barber 
and  Frazier,^®  studying  lactobacilli  of  nonoral  origin,  distinguished  5  colonial 
types  of  morphology,  ranging  from  smooth  to  rough.  In  this  work,  colony 
mori)hology  has  been  differentiated  into  3  general  types  as  recognized  on 
tomato  juice  agar  at  pH  5,  which  has  been  used  as  the  reference  medium  for 
colonial  morphology  of  lactobacilli  throughout  this  study.  These  are  (1) 
smooth  S,  in  which  the  colony  is  round,  translucent  to  opaque,  convex,  and 
glistening;  (2)  rough  R,  which  is  flat,  with  serrate  margin,  and  a  rough  and 
dull  a])pearance.  Some  rough  colonies  have  a  smooth  convex  center,  the 
whole  resembling  a  fried  egg.  (3)  Intermediate  I,  which  is  nearly  a  composite 
of  smooth  and  rough  characteristics.  This  colony  is  convex  and  has  a 
serrated  margin  and  a  dull  to  glossy  surface,  while  the  texture  is  nonhomo- 
geneous,  presenting  a  curdled  appearance.  On  the  reference  medium  these  3 
types  of  colonies  may  possess  a  green  to  greenish-white  color,  due  to  the 
presence  of  bromcresol  green  in  the  medium. 


Table  II 

Perce.vtage  ok  Rough  Colonies  in  the  Total  Lactobacillus  Counts  of  Salivas 


SUBJECT 

NUMBER 

1  IMMUNES 

SUBJECT 

NITMBER 

SUSCEITIBLES 

AEROBIC 

1  ANAEROBIC 

AEROBIC  1 

ANAEROBIC 

1 

— 

— 

1 

51.2 

29.4 

2 

0 

0 

o 

62.5 

100 

3 

0 

0 

3 

— 

100 

4 

0 

— 

4 

92.5 

99.9 

5 

— 

— 

3 

88.0 

100 

6 

0 

0 

6 

— 

— 

7 

0 

0 

7 

— 

— 

8 

0 

0 

8 

0 

100 

9 

0 

0 

9 

0 

100 

10 

0 

0 

10 

65.0 

36.2 

11 

— 

— 

11 

100 

100 

12 

— 

— 

12 

— 

93.5 

13 

— 

— 

13 

77.0 

38.0 

14 

— 

— 

14 

100 

45.0 

15 

0 

0 

15 

0 

0 

1« 

0 

0 

16 

0 

0 

17 

0 

0 

17 

100 

100 

18 

47.4 

0 

18 

— 

— 

19 

0 

0 

19 

— 

— 

20 

0 

0 

20 

— 

100 

21 

— 

— 

21 

— 

45.9 

22 

0 

100 

22 

0 

— 

23 

— 

— 

23 

94.6 

— 

24 

— 

— 

24 

100 

85.7 

25 

— 

— 

25 

— 

100 

—  =  No  colonies  appeureG. 


The  data  in  Table  II  show’  that  the  rough  type*  of  laetobaeillus  was  seen 
almost  never  on  plates  from  immune  salivas,  while  55  per  cent  of  the  colonies 
developing  from  susceptible  salivas  were  of  the  rough  type. 

In  exception  to  the  almo.st  exclusive  a.ssoeiation  of  smooth  lactobacilli 
with  immune  individuals,  2  subjects  had  been  found  with  no  clinical  evidence 
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of  caries  activity  from  whose  saliva  rough  and  intermediate  types  could 
occasionally  he  isolated.  These  organisms,  though  not  common  to  the  immune 
group,  have  been  designated  immune  U  and  I  types. 

Various  cultures  of  lactobaeilli  isolated  from  immune  and  susceptible 
saliva  were  maintaijied  on  toiuato  juice  agar  at  j)!!  5  with  frequent  transfers 
for  some  time  without  change  in  colonial  morphology.  The  capacity  of  these 
organisms  to  grow  in  a  number  of  laboratory  media  was  established  (Table 
III).  The  susceptible  R  types  were  more  exacting  than  the  other  types,  while 
I  tyi)es  fall  between  the  S  and  R  types  in  relative  fastidiousness.  The  appear¬ 
ance  of  growth  of  these  cultures  in  liquid  media  exhibited  another  difference, 
the  H  types  ami  immune  R  types  were  sedimented,  while  the  I  types  and 
susceptible  R  types  were  diffused  through  the  liquid. 


Table  III 

Growth  of  (’oia)ny  Types  of  Lactobacilli  in  Variocs  Laboratory  Media 


- 

Sel'KCE  AND 

TYPE 

OF 

ORGANISM 

— 

— 

I M  M  r 

NE 

1  SrSCEITIBLE 

MEUIim 

s 

s 

s 

I 

R 

R 

K 

1  ^ 

s 

s 

I 

I 

R  R  R 

R 

R 

R 

R 

R 

Toiuato  juice  agar 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4  3  4 

4 

3 

4 

4 

4 

TGE  agar 

4 

4 

4 

3 

3 

3 

2 

4 

3 

4 

2 

o 

_  _  - 

- 

- 

- 

- 

- 

Heart  iufuaion  brotli: 

Without  additives 

;t 

3 

3 

+ 

+ 

_ 

3 

2 

3 

+ 

_  -  - 

+  glucose 

3 

3 

3 

+ 

2 

+ 

3 

2 

3 

+ 

-  -  - 

_ 

+  glucose  +  tryptoiie 

4 

3 

4 

2 

3 

3 

2 

4 

3 

4 

3 

- 

-  -  - 

- 

- 

- 

- 

- 

Tomato  juice  broth: 

Without  additives 

4 

4 

4 

4 

4 

3 

3 

4 

4 

4 

4 

2 

+  +  4 

*> 

2 

2 

2 

3 

+  tryjitoue 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

albumin 

2 

4 

o 

s> 

o 

2 

3 

+  Tweeu  80 

4 

4 

4 

4 

4 

4 

4 

+  trypticase  +  yeast 
extract  +  2%  glucost^ 

4 

4 

4 

4 

4 

4 

4 

2  2  3 

3 

4 

2 

2 

-  =  No  growth. 

+,  2,  3,  4  =  Degree  of  growth. 


The  acidogenic  capacity  of  the  cultures  was  determined  in  several  media. 
The  data  in  Table  IV  show  that  the  siusceptible  R  organisms  were  less  acido¬ 
genic  than  the  other  types.  In  tomato  juice  broth,  immune  and  susceptible  R 
strains  were  about  equally  acidogenic,  but  on  tomato  juice  agar  the  difference 
is  marked. 

The  aciduric  properties  of  a  number  of  lactobacillus  cultures  were  in¬ 
vestigated  by  2  methods.  In  one  experiment,  the  oi-gani.sms  were  inoculated 
into  tomato  juice  agar  plates  at  varying  jifl,  and  the  rt'sults  showed  that  all 
the  cultures  tested  grew  at  pJrl  5.0,  7.0,  and  8.0  without  any  change  in  colony 
morphology,  while  only  the  intermediate  type  grew  at  pH  4.0,  where  the 
morphology  was  smooth  and  mucoid.  In  a  second  experiment,  broth  cultures 
of  lactobaeilli  were  inoculated  in  0.1  ml.  amounts  into  tubes  of  0.9  per  cent 
.saline  at  varying  pH.  At  intervals  samples  were  plated,  and  the  number  of 
resulting  colonies  indicated  the  resistance  of  the  culture  to  the  pH  in  ques¬ 
tion.  The  data  indicated  variation  in  each  colony  type  in  response  to  the 
different  environments. 
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Table  IV 

Acidogenicity  of  Lactobacillus  Cultures  in  Various  Media 


MEDIUM 

SOURCE  AND  TYPE 

OF  ORGANISMS 

TOMATO  JUICE 
AGAR,  pH  7, 

72  HR. 

TGE  AGAR, 

72  HR. 

TOMATO  JUICE 
BROTH,  pH  7, 

48  HR. 

HEART  INFUSION 
BROTH,  48  HR. 

Immune: 

Smooth 

4+ 

3+ 

3+ 

2+ 

Smooth 

4+ 

2+ 

4+ 

2+ 

Smooth 

4+ 

2+ 

4+ 

4+ 

Intermediate 

4+ 

+ 

3+ 

3+ 

Rough 

3+ 

3+ 

3+ 

no  growth 

Rough 

2+ 

2+ 

4+ 

no  growth 

Rougli 

3+ 

+ 

2+ 

no  growth 

Susceptible : 

Smooth 

4+ 

3+ 

2+ 

3+ 

Smooth 

3+ 

+ 

4+ 

+ 

Smooth 

4+ 

3+ 

4+ 

4+ 

Intermediate 

4+ 

— 

4+ 

+ 

Intermediate 

2+ 

+ 

4+ 

- 

Rough 

- 

no  growth 

+ 

no  growth 

Rough 

- 

no  growth 

+ 

no  growth 

Rough 

no  growth 

2+ 

no  growth 

Rough 

- 

no  growth 

3+ 

no  growth 

Rough 

- 

no  growth 

4+ 

no  growth 

Rough 

- 

no  growth 

3+ 

no  growth 

Rough 

- 

no  growth 

2+ 

no  growth 

Rough 

- 

no  growth 

3+ 

no  growth 

-  =  No  acid  produced. 

+,  2+,  3+,  4+  =  Degree  of  acid  production. 


During  the  studies  of  laetobacilli  on  laboratory  media,  alteration  of 
colony  morphology  was  occasionally  seen.  Some  of  these  variations  were 
readily  revei-sible  by  removing  the  stimulating  external  condition;  othera 
appeared  more  permanent,  although  some  of  the  new  variants  varied  again 
under  different  conditions.  The  observations  are  summarized  in  Table  V.  No 
changes  in  colony  type  occurred  on  solid  media  at  pH  5.0;  however,  most  S 
type  organisms  growing  at  pH  7  on  solid  media  exhibited  a  form  of  colony 
development  in  which  the  small  fii’st-diseernible  colony  is  rough,  but  with 
increasing  time  the  colony  becomes  larger  and  more  smooth  until  the  four- 
day-old  isolated  colony  is  completely  smooth.  Since  at  pH  5  even  the  young 
colonies  are  smooth,  it  would  appear  that  acid  produced  by  the  colonies  dur¬ 
ing  growth  at  pH  7  contributes  to  their  becoming  smooth. 

Variations  produced  by  the  S  and  I  types  isolated  from  immune  or 
susceptible  saliva  were  the  same.  The  major  difference  concerned  the  K  or¬ 
ganisms,  for  while  the  susceptible  K  types  did  not  dissociate  on  the  media 
listed  in  Table  V,  the  immune  K  types  were  capable  of  doing  so  frequently 
both  in  liquid  media  and  in  the  presence  of  tryptone.  It  is  peculiar  that  the 
S  dissociant  resulting  from  culture  on  tryptone-eontaining  media  was  sensi¬ 
tive  to  the  pH  of  media  on  which  it  was  grown  thereafter,  varying  from  S 
to  K  with  the  change  from  pH  5  to  7.  The  S  dissociant  resulting  from  repeated 
culture  of  these  organisms  in  liquid  media  was  not  pH  sensitive. 
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The  observation  that  iininune  K  organisms  dissociated  to  smooth  mor¬ 
phology  in  one  passage  on  tryptone  glucose  extract  agar  (TGE)  stimulated 
interest  in  the  component  of  the  me<lium  involv(*d  in  the  variation. 


Tabi.k  V 

DlS8<jeiATIUN  or  SEVKKAI-  TYCKS  ok  LA«'T(»BAeil.l,I 


ENVIKUNME.NTAI.  CON'PITIONS  AKKECTINO  VARIATIO.N 

SOL'KCE  ANPTYHE 

UK  UKUAMSMS 

PASSAGE  AT  |lii 

5.0  OK  SOl.llt 
MEPIA 

PASSAGE  AT 
(III  7.0  ON 
K(*l.lll  MEDIA 

I'ASSAGE  ON 

M  EDI  I'M  WITH 

TKYITONE 

PASSAGE  IN 
I.IQOIII  MEIMA 

IllUIIUlie 

S 

H 

rS 

s 

r8 

s 

H 

r8 

s 

rS 

1 

1 

1 

I 

1 

K 

R 

R 

s* 

8+ 

R 

R 

R 

s* 

8+ 

Hust^eutibU* 

S 

S 

rS 

s 

r8 

H 

rS 

8 

rS 

1 

I 

1 

1 

I 

1 

I 

1 

1 

I 

K 

R 

R 

R 

R 

R 

R 

R 

R 

R 

*  =  pH  sensitive  on  soliil  nieilia :  pH  7  =  K.  pH  5  =  S. 
+  =  Not  pH  sensitive. 

rS  =  Karly  eolony  rough  but  proceeils  to  smooth. 


Tryptone  was  the  first  ingredient  of  TGE  agar  to  be  investigated  and  it 
was  found  that  the  addition  of  this  to  tomato  agar  caused  some  K  cultures  to 
vary  to  S  morphology.  The  effect  of  DL-tryptophane  was  examined,  and  it 
was  also  found  to  induce  this  variation.  Demonstration  of  this  phenomenon 
was  not  solely  dependent  on  the  qualitative  presence  of  the  amino  acid,  but 
also  on  the  quantity.  Further  details  and  stiulies  of  this  effect  of  tryptophane 
have  been  published  elsewhere.” 

It  has  been  reported  that  immune  saliva  is  more  inhibitory  to  growth  of 
lactobacilli  than  susceptible  saliva.”  Measurements  of  growth  of  a  numlx'r 
of  lactobacillus  cultures  in  immune  and  susceptible  saliva,  and  in  mixtures  of 
saliva  plus  added  substrates  were  made.  Freshly  isolated  cultures  of  lacto¬ 
bacilli  were  inoculated  from  equally  turbid  saline  suspensions  into  tubes  of 
saliva,  saliva  +  glucose,  and  .saliva  +  a  basal  medium,  tomato  juice  broth.  The 
growth  in  the  tubes  was  determined  tui  bidimetrically,  and  growth  curves  of 
a  single  typical  lact()bacillus  culture  in  these  substrates  are  reproduced  in 
Fig.  1.  The  striking  feature  ob.served  in  these  curves  is  the  increase  in  light 
tramsmission  occurring  in  the  immune  saliva  plus  basal  medium,  which  is  taken 
to  indicate  inhibition  by  immune  saliva.  This  particular  pattern  was  seen  only 
in  tubes  containing  immune  saliva  and  occurred  with  9  out  of  10  cultures  of 
lactobacilli  examined.  In  every  case,  the  period  of  increased  light  trans¬ 
mission,  or  inhibition,  occurred  during  the  first  6  hours  after  inoculation.  The 
organisms  grew  in  similar  manner  in  these  media  and  could  not  be  distin¬ 
guished  on  the  basis  of  source  or  colony  type. 
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Considering  the  information  shown  by  these  experiments,  it  may  be 
assumed  that  immune  saliva  contains  some  factor  inhibitory  to  oral  lacto- 
baeilli,  or  that  it  is  deficient  in  some  substance  necessary  for  rapid  initiation 
of  growth  of  lactobacilli.  With  the  first  assumption,  questions  arise  as  to  the 
mode  of  action  of  such  an  inhibitory  factor,  whether  the  factor  selects  out 
organisms  resistant  to  it  thereafter,  and  whether  the  factor  is  exhausted  dur¬ 
ing  the  process  of  inhibition. 

Hours 

2  b  6  8  10 

100 

95 

Psr  cent 
trsnsaission 
of  Ushi 

90 


85 


I  =  iBBune  saliTs  bsssl 
S  -  Susceptlbls  ssllTs  ^  bsMl 
C  *  Control,  basal  nsdlun 

KiK.  1. — (Jrowth  curves  of  a  typical  lactobaclllus  culture  In  Iniiiiune  and  susceptible  saliva. 

Five  cultures  which  had  grown  for  16  hours  in  immune  saliva  +  basal 
medium  and  in  susceptible  saliva  *  basal  medium  were  inoculated  into  fresh  tubes 
of  the  same  substrates,  and  these  were  obsened  turbidimetrieally.  No  evidence 
of  inhibition  occurred  in  these  tubes,  seeming  to  indicate  that  the  organisms 
were  resistant  to  the  supposed  inhibitoi*y  factor. 

Tubes  of  immune  saliva  +  basal  medium  in  which  cultures  had  grown 
for  16  hours  were  rendered  baeteria-free  by  filtration  and  reinoeulated  from 
broth  cultuies  of  the  same  organisms.  These  tubes  were  observed  and  no  in¬ 
hibition  of  the  cultures  was  evidenced,  which  might  indicate  that  the  su|)posed 
inhibitory  factor  was  no  longer  operating. 

Studies  have  been  made  of  the  ability  of  various  oral  lactobacilli  to  grow 
and  produce  acid  in  the  presence  of  saliva,  and  of  the  effects  of  saliva  upon 
the  morphology  and  physiology  of  the  organisms.  Filtered  pooled  saliva  ob¬ 
tained  fiom  caries-immune  and  caries-susceptible  peoiile  was  list'd,  undiluted 
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or  with  addition  of  other  substrates.  As  indicated  in  Table  VI  there  was  con¬ 
siderably  more  acid  produced  in  susceptible  saliva  than  immune  saliva,  and 
there  appears  to  be  little  difference  in  acidogenicity  between  fresh  and  old 
cultures.  The  figures  S  -t-  R  in  the  table  indicate  a  mixture  of  approximately 
equal  numbers  of  smooth  and  rough  organisms  used  in  a  single  inoculum  to 
test  the  acidogenicity  of  an  association  of  these  types.  Another  study  em¬ 
ployed  laboratory-maintained  strains  in  substrates  consisting  of  tomato  juice 
broth  diluted  1 :1  with  saline,  immune  saliva,  or  susceptible  saliva.  The  pH 
readings  made  10  hours  after  inoculation  with  0.2  ml.  of  48-hour  broth  cul¬ 
tures  shown  in  Table  VII  again  show  that  while  both  salivas  inhibited  acid 
production,  consistently  more  acid  was  produced  in  susceptible  compared  to 
immune  saliva  substrates. 


Table  V’^I 

Effect  of  Age  on  Acidogenicity  of  Lactobacilli  in  Sajjvas 


IMMUNE  SALIVA  +  GLUCOSE 


SUSCEPTIBLE  SALIVA  +  GLUCOSE 


OF  ORGANISMS  | 

24  HR.  1 

48  HR. 

24  HR. 

1  48  HR. 

Fresh,  immune 

s, 

— 

— 

— 

— 

s. 

- 

4+ 

- 

- 

R, 

- 

- 

- 

4+ 

R. 

— 

— 

— 

— 

S,  +  R. 

- 

- 

4+ 

4+ 

Old,  immune 

S 

— 

— 

S 

- 

- 

3+ 

4+ 

R 

— 

“ 

— 

— 

R 

- 

- 

- 

- 

Fresh,  susceptible 

s. 

« 

4+ 

S, 

4+ 

4+ 

4+ 

4+ 

R. 

- 

— 

4+ 

4+ 

R, 

- 

- 

4+ 

4+ 

S,  +  R, 

- 

- 

4+ 

4+ 

Old,  susceptible 

S 

- 

- 

4+ 

4+ 

s 

— 

— 

— 

R 

_ 

— 

4+ 

4+ 

R 

- 

- 

4+ 

4+ 

-  =  No  acid  produced. 

+,  2+,  3+,  4+  =  Degree  of  acid  production. 
Indicator,  Bromcresol  purple. 


Since  immune  individuals  almost  exclusively  have  smooth  lactobaeilli  in 
their  saliva,  the  effect  of  saliva  upon  colonial  morphology  has  been  investi¬ 
gated.  Cultures  of  lactobaeilli  were  inoculated  from  18-hour  broth  cultures 
into  tubes  of  sterile  immune  and  susceptible  saliva.  The  organisms  had  been 
previously  maintained  through  a  number  of  passages  on  laboratory  media.  At 
intervals  0.1  ml.  was  removed  from  the  tubes,  diluted  in  saline  and  plated  on 
tomato  juice  agar  at  pH  5  and  7.  After  incubation  colonial  morphology  and 
numbers  were  observed  on  the  plates. 

Quantitatively,  inhibition  by  immune  saliva  was  seen  in  several  cultures, 
while  in  all  cases  better  growth  occurred  more  rapidly  in  susceptible  saliva. 
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Table  VII 

pH  Produced  by  Lactobacillus  Cultures  in  Saliva  Substrates  at  Ten  Hours 


pH 

SOURCE  AND  TYPE  OP 
ORGANISMS 

TOMATO  JUICE  + 
SALINE (CONTROL) 

TOMATO  JUICE  + 
IMMUNE  SALIVA 

TOMATO  JUICE  + 
SUSCEPTIBLE  SALIVA 

Immune 

S 

4.40 

6.86 

6.55 

R 

5.58 

6.79 

6.50 

R 

4.76 

6.69 

6.49 

Susceptible 

S 

5.20 

6.80 

6.42 

I 

6.08 

6.75 

6.48 

R 

5.80 

6.00 

5.61 

Original 

pH 

6.70 

7.00 

6.89 

The  types  of  colonial  morphology  of  the  organisms  appearing  on  the 
inoculated  plates  are  summarized  in  Table  VIII.  At  pH  5,  after  24  hours,  the 
original  S  cultures  gave  rise  to  S  colonies  in  both  types  of  saliva.  At  the 
same  time,  3  out  of  4  R  organisms  had  become  S  in  susceptible  saliva,  and 
immune  saliva  had  caused  only  one  R  organism  to  dissociate. 


Table  VIII 

Changes  in  Colonial  Morphology  op  Lactobacilli  Growing  in  Salivas 


SOURCE  AND 

GROWTH  AT  pH  5 

TYPE  OF 

IMMUNE  SALIVA 

SUSCEPTIBLE  SALIVA 

ORGANISMS 

6  HR.  1 

24  HR. 

6  HR.  1 

24  HR. 

Immune 

s. 

S 

S 

S 

S 

s. 

S 

S 

S 

S 

Rt 

R 

R 

R 

R 

B, 

S 

S 

S 

S 

Si  +  Ri 

S  -b  R 

S  -b  R 

S 

-b 

R 

S  -b  R 

Susceptible 

s, 

S 

S 

s 

S 

s. 

S 

s 

s 

S 

R. 

R 

R 

R 

S  -b  R 

R, 

R 

R 

R 

S  -b  R 

s.  +  R. 

S  -b  R 

S  -b  R 

S 

-b 

R 

S  -b  R 

GROWTH  AT  pH  7 

Immune 

s. 

R  -b  NS 

S  -b  NS 

R 

R 

s. 

R  -b  NS 

S  -b  NS 

R 

S 

R. 

R  -b  NS 

R  -b  NS 

R 

R 

R, 

R  -b  NS 

S  -b  NS 

R 

S 

S,  -b  R, 

S  -b  R  -b  NS 

NS 

S 

■b 

R 

S  -b  R 

Susceptible 

s, 

S  +  NS 

S  -b  NS 

s 

S 

s. 

R  -b  NS 

S  -b  NS 

s 

S 

R> 

R  -b  NS 

R  -b  NS 

R 

S  +  R 

R, 

R  -b  NS 

NS 

R 

S 

S,  -b  R, 

S  -b  R  -b  NS 

R  -b  NS 

S 

+ 

R 

S  -b  R 

NS  =  New  type  of  smooth  colony. 

S  -I-  R  =  Mixture  of  S  and  R  organisms. 
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Colonies  obtained  at  pH  7  from  samples  from  both  kinds  of  salivas  had 
beeome  rough  at  6  hours,  in  contrast  to  their  appearance  at  pH  5.  This 
change  was  also  accompanied  by  the  appearance  of  a  new  type  of  colony 
among  organisms  plated  from  immune  saliva  at  6  hours.  This  new  type,  NS, 
was  distinctly  different  in  appearance  from  any  of  the  other  colony  types, 
being  flat  or  convex,  round,  smooth,  and  having  a  blue  or  bluish-white  color. 
It  was  often  smaller  than  the  other  types.  The  NS  type  was  seen  only  on 
media  at  pH  7  from  organisms  growing  in  immune  saliva.  Usually  the  NS 
type  increased  in  numbers  to  become  the  predominant  colony  in  6  to  24  hours, 
while  the  number  of  unchanged  colonies  remained  nearly  the  same,  indicating 
a  selective  action  by  immune  saliva.  In  a  few  eases,  the  number  of  the 
original  type  organisms  increased  considerably,  showing  that  growth  of  un¬ 
changed  organisms  was  not  always  depressed.  All  the  lactobaeilli  used  in  this 
experiment  were  able  to  dissociate  to  the  new  type  under  the  influence  of 
immune  saliva. 

Therefore  it  appeai-s  that  susceptible  saliva  can  induce  as  S  to  R  or  R  to 
S  variation,  as  does  immune  saliva,  but  the  mechanism  in  immune  saliva  is 
different  in  the  S  variant  which  appears.  Apparently  most  of  the  multiplica¬ 
tion  occurring  in  immune  saliva  was  of  a  nonaciduric  form,  since  much  higher 
counts  were  obtained  at  pH  7  than  at  pH  5. 

The  capacity  of  immune  saliva  to  induce  the  growth  of  nonaciduric 
variants  of  lactobaeilli  was  investigated  further  using  18  cultures  of  freshly 
isolated  and  older  laboratory  cultures.  Undiluted  saliva  -t-  0.5  per  cent  glucose 
and  saliva  +  supplement  were  inoculated  with  0.1  ml.  of  18-hour  broth  cul¬ 
tures.  The  supplement  was  1  ml.  of  a  solution  of  2  per  cent  peptonized  milk, 
0.1  per  cent  yeast  extract,  and  1  per  cent  glucose  added  to  5  ml.  of  saliva. 
No  growth  or  acid  production  occurred  in  undiluted  immune  and  susceptible 
saliva.  Acid  production  in  the  saliva-glucose  tubes  has  been  recorded  previ¬ 
ously  (Table  VI).  At  48  hours  after  inoculation,  portions  of  the  tubes  were 
plated  onto  tomato  agar  at  pH  5  and  7.  Four  cultures  from  immune  saliva 
showed  the  NS  nonaciduric  colonies,  which  were  also  seen  in  5  cultures  from 
immune  saliva  +  supplement.  In  addition,  2  other  cultures  from  the  latter 
medium  became  nonaciduric  without  developing  the  peculiar  bluish  colony. 
Nonaciduric  organisms  were  not  isolated  from  undiluted  saliva,  in  which  none 
of  the  organisms  grew  appreciably,  nor  from  any  tubes  containing  susceptible 
saliva.  Nonaciduric  organisms  appeared  also  in  colonies  which  did  not  re¬ 
semble  the  NS  type.  These  will  be  discussed  later. 

The  acidogenicity  of  the  nonaciduric  variants  produced  by  immune  saliva 
was  examined,  and  compared  to  the  acid-producing  capacity  of  the  cultures 
from  which  they  were  derived.  The  results  in  Table  IX  show  that  5  of  the  6 
nonaciduric  variants  recovered  after  incubation  with  immune  saliva  were  less 
acidogenic  than  the  parent  cultures.  Contact  of  the  cultures  with  susceptible 
saliva  had  little  effect  on  acidogenicity. 

These  experiments  have  disclosed  a  capacity  of  immune  saliva  to  induce 
variation  of  lactobaeilli  to  nonaciduric  forms.  It  was  considered  possible  that 
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genetic  differences  might  exist  in  strains  of  lactobacilli,  resulting  in  varied 
sensitivity  to  the  transforming  effect.  In  an  attempt  to  determine  if  most 
lactobacilli  can  respond  to  the  effect  if  proper  conditions  are  met,  18  strains 
of  lactobacilli,  some  freshly  isolated,  and  some  older  cultures,  were  repeatedly 
transferred  at  24-hour  intervals  in  tubes  of  3:1  immune  saliva  and  tomato 
juice  broth.  At  each  transfer,  a  sample  of  the  cultures  was  plated  on  tomato 
juice  agar  plates  of  pH  5  and  7,  which  were  observed  for  appearance  of 
growth.  At  the  end  of  the  first  passage,  3  susceptible  R  cultures,  2  fresh  and 
1  old,  exhibited  the  nonaciduric  NS  colonies.  At  the  end  of  the  second  pas¬ 
sage  in  immune  saliva,  all  but  5  of  the  cultures  contained  a  considerable  num¬ 
ber  of  nonaciduric  forms.  These  5  were  transferred  a  third  time,  after  which 
only  1  failed  to  show  nonaciduric  colonies  in  considerable  numbers.  The  re¬ 
fractory  culture  was  a  susceptible  intermediate,  which  had  been  carried  in  the 
laboratory  for  months. 


Table  IX 

.\cnK)r.ENiciTY  OE  Immune-Saliva-Indl'ced  Variants  of  Lactobacilli  in  Tomato  Juice 
Broth,  pH  7,  at  Twenty-four  Hours 


ACIDOGENICITY 

AFTER  INCUBATION  WITH 

AGE,  SOURCE,  AND  TYPE  OF 
ORGANISMS 

PRIOR  TO  SALIVA 

CONTACT 

IM.MUNE  SALIVA 

SUSCEPTIBLE 

.SALIVA 

Fresh,  immune 

S 

4-^ 

2+ 

4+ 

Fresh,  immune 

S 

4-t- 

4-4 

Fresh,  immune 

R 

4+ 

4+ 

4-4 

Fresh,  susceptible 

R 

3+ 

+ 

2-4 

Old,  susceptible 

R 

3-4 

+ 

3+ 

Fresh,  susceptible 

R 

3+ 

- 

3+ 

-  =  No  acid  produced. 

+,  2+,  3+,  4-1-  =  Degree  of  acid  production. 
Indicator,  Bromcresol  purple. 


Of  the  17  cultures  induced  to  dissociate  to  a  nonaciduric  form  by  passage 
in  immune  saliva,  13  produced  colonies  of  the  NS  type  previously  desciibed, 
bluish  on  the  tomato  medium,  usually  small,  and  smooth.  The  other  4  pro¬ 
duced  colonies  which  were  smooth,  white,  and  quite  small.  The  difference  in 
appearance  may  lie  in  the  ability  of  the  nonaciduric  colonies  to  take  up  the 
bromcresol  green  indicator  in  the  medium.  The  4  cultures  producing  the 
nonaciduric  variants  which  do  not  resemble  the  NS  type  cannot  otherwise 
be  associated  on  the  basis  of  source,  type,  or  age.  However,  their  nonaciduric 
property  was  confirmed  by  growth  in  rejieated  transfers  on  tomato  juice  agar 
at  pH  7,  but  not  at  jiH  5,  These  variants  were  shown  also  to  be  l(*.ss  acidogenie 
in  tomato  juice  broth  than  the  onginal  parent  cultu»-es.- 

Turbidimetric  studios  of  growth  of  lactobacilli  in  saliva  indicated  that 
inhibition  by  immune  saliva  occurred  during  the  firet  6  hours  after  inocula- 
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tion  (Fig.  1).  The  first  experiment  on  the  effect  of  saliva  upon  colonial  mor¬ 
phology  disclosed  that  the  nonaciduric  organisms  were  first  noticeable  at  6 
hours  (Table  VIII).  The  possibility  that  these  phenomena  are  related  was 
examined  in  the  following  experiment.  Organisms  were  inoculated  from  18- 
hour  broth  cultures  into  tubes  of  2  :1  immune  saliva  and  tomato  juice  broth. 
At  2-hour  intervals  during  incubation,  samples  were  taken  from  the  tubes  and 
plated  on  tomato  juice  agar  at  pH  5  and  7.  Nonaciduric  NS  colonies  appeared 
only  after  the  period  of  inhibition,  that  is,  6  hours  or  more  after  inoculation. 
Some  growth  of  aeiduric  organisms  occurred  after  the  inhibition  period,  but 
the  greater  amount  of  growth  was  of  nonaciduric  organisms.  Thus  it  appears 
that  inhibition  by  immune  saliva  and  the  ability  to  induce  nonaciduric  vari¬ 
ants  are  somehow  related. 


DISCUSSION 

These  investigations  have  disclosed  two  differences  in  the  salivary  micro- 
flora  of  caries  immune  and  caries  susceptible  human  beings,  the  numbers  and 
colony  morphology  of  lactobacilli  present  in  the  saliva.  It  would  appear  that 
some  quality  in  immune  saliva  is  capable  of  managing  the  lactobaeillus  popula¬ 
tion  to  reduce  their  numbers  and  almost  completely  abolish  rough  and  inter¬ 
mediate  colony  morphology  in  the  remaining  organisms.  Experiments  have 
shown  that  immune  saliva  possesses  a  greater  inhibitory  capacity  for  lacto- 
baeilli  than  susceptible  saliva.  Both  types  of  saliva  can  induce  a  rough  to 
smooth  variation  in  colony  morphology,  but  the  mechanism  in  immune  saliva 
is  different  from  the  susceptible.  It  induces  nonaciduric  variation  in  lacto¬ 
bacilli,  which  are  then  sensitive  to  acid  concentrations  around  pH  5. 

The  mechanism  in  immune  saliva  is  apparently  a  selection.  The  data  indi¬ 
cate  thnt  the  processes  of  inhibition  and  of  selection  of  nonaciduric  organisms 
are  relaud  since  evidence  of  the  latter  does  not  appear  until  the  period  of 
inhibition  is  over.  There  is  some  difference  in  the  degree  of  susceptibility  of 
lactobacilli  to  this  mechanism,  which  may  account  for  the  presence  of  low 
numbers  of  aeiduric  organisms  in  some  immune  salivas. 

The  effects  of  immune  saliva  which  have  been  observed  in  vitro  have 
acted  to  alter  the  cariogenic  potential  of  the  lactobacilli  by  a  reduction  in  num¬ 
bers  and  in  aeiduric  and  acidogenic  properties.  If  this  proposed  mechanism 
operates  on  the  lactobacilli  in  the  mouth,  reduction  of  numbers  and  activity 
of  these  organisms  may  lower  the  cariogenic  potential  of  the  total  acidogenic 
flora  to  the  point  where  caries  might  proceed  only  slowly  if  at  all.  This  docs 
not  imply  that  caries  without  lactobacilli  is  not  possible ;  it  suggests  that  some 
reduction  of  total  acidogen  activity  by  inactivation  of  the  lactobacilli  may 
decrease  caries  rate. 

Preliminary  experiments  in  progress  on  the  microflora  of  plaques  of 
immune  and  caries  susceptible  subjects  indicate  that  some  of  the  outstanding 
features  seen  in  saliva  may  be  duplicated  in  plaques. 
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SUMMARY 

1.  Quantitative  comparison  of  gram-negative  diplococci,  gram-negative 
rods,  yeasts,  easeolytic  organisms,  streptococci,  micrococci,  and  lactobacilli 
in  caries-immune  and  caries-susceptible  salivas  showed  that  only  lactobacilli 
occurred  in  significantly  different  numbers,  being  much  lower  in  immune 
salivas. 

2.  An  association  of  lactobacilli  almost  exclusively  of  smooth  colony  type 
with  immune  salivas  was  found,  while  susceptible  salivas  contained  more 
rough  than  smooth  lactobacilli. 

3.  Dissociation  of  colony  morphology  of  a  number  of  strains  of  laeto- 
bacilli  was  found  to  be  influenced  by  the  composition,  pH,  and  physical  state 
of  laboratory  media. 

4.  Immune  saliva  was  found  to  have  a  greater  inhibitory  capacity  for 
lactobacilli  than  susceptible  saliva.  Both  salivas  could  induce  variation  of 
colony  morphology  of  lactobacilli,  but  immune  saliva  also  induced  variation  to 
a  nonaciduric  form  which  was  less  acidogenic  than  the  parent  culture. 

5.  The  mechanism  in  immune  saliva  is  apparently  a  selection,  and  is  re¬ 
lated  to  the  process  of  inhibition  in  order  of  occurrence.  The  effects  of  im¬ 
mune  saliva  could  account  for  the  low  numbers  of  lactobacilli  compared  to 
susceptibles,  and  possibly  for  the  low  caries  rate  of  immunes  by  reduction  of 
numbers  and  cariogenic  potential  of  a  part  of  the  acidogenic  flora. 

The  authors  wish  to  thank  Drs.  H.  B.  G.  Robinson,  P.  C.  Kitchin,  A.  W.  Radikc,  and 
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interest  in  this  investigation  and  their  criticism  during  the  preparation  of  this  paper. 
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THK  FREQUENCIES  OF  ORAL  LACTOBACILLI  IN  THE  HUNT-HOPPERT 
CARIES-RESISTANT  AND  CARIES-SUSCEPTIBLE  RATS  IN 
RELATION  TO  THE  DEVELOPMENT  OF  CARIES 

W.  KOSEN,  H.  R.  HUNT,  AND  C.  A.  HOPPERT 
UepartnK  ntn  of  Zooloyy  and  Chemistry,  Michiyan  State  C niversity,  East  Lansiny,  Mich. 

The  etiology  of  dental  caries  has  been  widely  investigated  in  man  and 
animals.  Animals  have  certain  advantages  over  man  as  experimental  sub¬ 
jects  and  rats  have  been  used  to  demonstrate  that  the  physical  characteristics 
of  the  diet,*’  ^  heredity,®  **  and  microorganisms*'  are  important  factors  in  the 
causation  of  dental  caries.  It  is  hoped  that  further  experimentation  will  dis¬ 
close  the  specific  organism  or  organisms  responsible  for  dental  caries. 

If  one  uses  caries-resistant  and  earie.s-suseeptible  rats,  one  strain  can 
serve  as  a  control  for  the  other.  It  has  already  been  demonstrated  that  lacto- 
bacilli  are  recovered  moi’e  fre(iuently  and  in  greater  numbers  from  caries- 
susceptible  than  from  caries-resistant  rats.*"  *-’  However,  the  prevalence  of 
oral  laetobacilli  during  the  life  span  of  these  rats  has  not  yet  been  demon- 
.strated.  Since  a  .significant  percentage  of  caries-re.sistant  rats  also  developed 
caries,  it  was  decided  to  determine  whether  laetobacilli  could  be  recovered  as 
frecpiently  from  those  animals  as  from  the  caries-susceptible  rats  during  the 
formation  of  caries.  A  coni|)arative  study  was  also  made  of  the  numbers  or 
oral  laetobacilli  in  both  strains  of  rats. 

EXPERIMENTAL  METHODS 

Rats  were  examined  for  oral  laetobacilli  by  brushing  their  lower  right 
molars  with  a  sterile  cotton  swab  moistened  in  l.O  per  cent  pei)tone  water. 
For  a  qualitative  test  for  oral  laetobacilli,  the  swab  was  retained  in  1.0  ml.  of 
1.0  per  cent  peptone  water.  Streak  plates  on  lactobacillus-selection  medium 
(BBL)  were  made  within  1  hour  after  brushing  the  teeth.  One-quarter  of  the 
area  of  the  agar  contained  in  Petri  plates  was  streaked  with  the  swab.  Equal 
numbers  of  susceptible  and  re.sistant  animals  were  tested  at  the  same  time. 
The  plates  were  incubated  at  37°  C.  for  72  hours.  An  animal  was  considered 
to  possess  laetobacilli  when  10  or  more  colonies  were  counted  in  a  streaked 
area.  Fewer  than  10  colonies  w’as  con.sidered  inconclusive  in  establishing  the 
presence  of  laetobacilli. 

For  the  quantitative  determination  of  oral  laetobacilli,  the  .swab  was  care¬ 
fully  broken  off  at  the  tip  into  5.0  ml.  of  1.0  per  cent  i)eptone  solution  contained 
in  a  screw-cap  tube.  The  tube  wfis  then  thoroughly  agitated  and  dilutions 
made  in  distilled  water.  One-tenth  milliliter  (piantities  were  plated  on  the 

This  investigation  was  supported  by  a  research  grant  from  the  National  Institute  for 
Dental  Research,  of  the  National  Institutes  of  Health,  Public  Health  Service. 
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surface  and  the  plates  incubated  at  37°  C.  for  72  hours.  Because  of  the 
selectivity  of  this  medium,  counts  were  made  if  plates  had  between  3  and  300 
colonies. 

In  all  of  these  experiments  the  rats  were  fed  the  cariogenic  diet  of  Hoppert, 
Webber,  and  Canniff.’’  *  This  diet  has  been  modified  recently  so  that  only 
2  to  3,  instead  of  70,  per  cent  of  the  coarsely  ground  rice  is  retained  on  a 
20-mesh  screen. 

RESULTS 

A  graphic  illustration  of  the  frequencies  of  recovery  of  oral  lactobacilli 
from  caries-resistant  and  caries-susceptible  rats  is  given  in  Fig.  1.  In  this 
study,  the  per  cent  of  rats  from  which  lactobacilli  were  recovered  was  deter¬ 
mined  by  examining  about  25  animals  from  4  litters  of  each  strain.  The  same 
animals  were  examined  each  time,  and  a  total  of  29  examinations  were  made 
over  a  550-day  period. 


Fig.  1. — Percentage  of  rats  from  which  lactobacilli  were  recovered. 

Lactobacilli  were  recovered  more  frequently  from  caries-susceptible  than 
from  caries-resistant  rats.  During  the  early  life  of  both  strains  of  rats  there 
was  a  parallel  increase  in  the  percentages  of  animals  from  which  lactobacilli 
were  recovered.  After  the  caries-susceptible  rats  were  21  days  old,  100,  or 
nearly  100,  per  cent  recovery  was  maintained  before,  during,  and  after  the 
development  of  caries.  There  was  a  gradual  decrease  in  the  per  cent  of  rats 
from  which  oral  lactobacilli  were  recovered  as  they  become  very  old — at  an 
age  when  the  lower  central  molars  and  portions  of  the  adjoining  teeth  had 
disappeared.  This  suggests  that  the  surfaces  of  the  teeth,  particularly  the 
sulci  and  the  spaces  between  the  teeth,  encourage  the  presence  of  lactobacilli. 
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In  contrast  to  the  consistent  recovery  of  oral  lactobacilli  from  nearly  all 
of  the  caries-susceptible  rats,  there  was  a  recovery  in  only  about  20  per  cent 
of  the  caries-resistant  rats  after  they  were  50  days  old.  Although  there  were 
fluctuations  in  the  recovery  of  lactobacilli,  the  incidence  remained  at  a  low 
level  for  the  550  days  the  rats  were  examined.  There  was  no  consistent,  re¬ 
peated  recovery  of  lactobacilli  from  any  individual  resistant  rat  on  successive 
examinations.  Lactobacilli  could  not  be  recovered  successively  more  than 
twice  and  in  not  more  than  40  per  cent  of  the  total  examinations  for  any 
single  rat  after  50  days  of  age. 

During  the  course  of  this  study,  an  epizootic  threatened  the  existence  of 
the  rat  colony  and  it  was  necessary  to  supplement  the  feed  with  0.1  per  cent 
Terramycin  for  a  21 -day  period.’®  This  resulted  in  a  complete,  temporary  dis¬ 
appearance  of  oral  lactobacilli. 

A  second  investigation  was  conducted  to  determine  the  difference  in 
numbers  of  oral  lactobacilli  between  caries-resistant  and  caries-susceptible 
rats  using  lactobacillus-selection  medium.  The  results  are  given  in  Table  I. 
These  values  are  the  number,  of  organisms  per  milliliter  of  the  suspension  in 
5.0  ml.  of  peptone  water. 


Table  I 

Numbeks  oe  Lactobacilli  Recovereu  Fko.m  Caries-Resistant  and  Caries-Scsceptible  Rats 


AGE  OE  RAT  (WEEKS)  | 

SUSCEPTIBIJS  1 

RESISTANT 

6 

2,633 

476 

10 

1,252 

317 

15 

2,324 

137 

Twenty-eight  susceptible  and  27  resistant  rats  were  used  in  each  of  the  3 
examinations.  Greater  numbers  of  lactobacilli  were  recovered  from  caries- 
susceptible  than  from  caries-resistant  rats  in  each  examination.  There  was 
an  approximate  sixfold  difference  at  6  weeks,  a  fourfold  difference  at  10 
weeks,  and  a  seventeen  fold  difference  at  15  weeks. 

A  third  investigation  compared  the  percentages  of  caries-resistant  and 
caries-susceptible  rats  from  which  lactobacilli  could  be  recovered  during  the 
development  of  caries.  One  hundred  and  twelve  resistant  and  40  susceptible 
animals  were  used  in  this  study.  They  were  examined  at  approximate  10-day 
intervals.  Susceptible  rats  were  first  examined  when  they  were  about  40 
days  old,  and  the  examinations  of  resistant  rats  began  when  they  were  about 
400  days  old.  Each  rat  was  given  between  3  and  10  examinations.  The  “be¬ 
fore  caries’’  period  was  arbitrarily  designated  as  the  time  from  the  first 
examination  to  the  appearance  of  the  first  macroscopic  lesion.  The  results  are 
given  in  Table  II. 

Lactobacilli  were  recovered  in  99  ±  0.7  per  cent  of  the  examinations  of 
caries-susceptible  rats  before  and  after  the  development  of  caries. 

Lactobacilli  w'ere  recovered  in  36  ±  5.7  per  cent'  of  the  examinations  of 
resistant  rats  which  subsequently  developed  caries.  This  percentage  increased 
to  54  ±  4.6  after  the  appearance  of  caries.  Among  animals  which  showed  no 
carious  lesion,  the  percentage  was  very  low  (13  ±  2.3  per  cent). 
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Table  II 

Percentages  of  Examinations  of  Caries-Susceptible  and  Caries-Resistant  Rats  From 
Which  Lactobacilli  Were  Recovered  Before  and  Aitfji  the  Deveixipment  of  Caries 


SUSCEPTIBLE  | 

RESISTANT  j 

PER  CENT 

PER  CENT 

OF  EXAMI- 

OF  EXAMI- 

NATIONS 

NATIONS 

FROM 

FROM 

WHICH 

WHICH 

LACTO- 

I.ACTO- 

NO.  OF 

BACILLI 

NO.  OF 

BACILU 

PERCENT- 

NO.  OF 

EXAMINA- 

WERE  RE- 

NO.  OF 

EXAMINA- 

WERE  RE- 

AGE  DIF- 

ANIMALS 

TIONS 

COVERED 

ANIMALS 

TIONS 

COVERED 

FERENCE 

t 

Before  caries 

40 

200 

99  ±  0.7 

31 

71 

36  ±  5.7 

11.1 

.\fter  caries 

40 

200 

99  ±  0.7 

38 

54  ±  4.6 

45  ±  4.6 

9.8 

No  caries 

— 

— 

— 

35.8 

To  determine  what  differences  between  the  various  g:roups  are  statistically 
significant,  t  values  were  calculated.  All  the  differences  between  the  suscep- 
tilile  and  resistant  groups  were  highly  significant  statistically.  The  3  t  values 
are  11.1,  9.8,  and  35.8.  Thus,  lactobaeilli  may  be  an  important  cause  of  the 
difference  in  resistance  to  caries  between  the  susceptible  and  resistant  strains. 

There  are  statistically  significant  differences  between  the  groups  of  re¬ 
sistant  animals.  The  difference  between  the  “no  caries”  resistants  and  the 
“before  caries”  resistants  is  23  ±  6.2.  The  t  value  is  3.7,  which  shows  that  the 
difference  is  statistically  significant.  Thus,  the  lack  of  cavities  in  the  “no 
caries”  group  suggests  that  there  is  a  physiologic  difference  of  some  sort 
between  these  2  groups.  The  difference  between  the  “before  caries”  resistants 
and  the  “after  caries”  resistants,  18  ±  7.3,  which  gives  a  t  value  of  2.5,  sug- 
ge.sts  that  the  appearance  of  cavities  in  the  molars  of  resistants  provides  a 
more  favorable  environment  for  lactobaeilli. 

Lactobacilli  were  found  in  only  36  per  cent  of  the  examinations  of  re- 
si.stant  rats  which  subsequently  developed  caries  as  compared  with  99  per 
cent  for  susceptible  rats.  The  difference,  63  ±  5.7,  has  a  t  value  of  11.1,  which 
is  highly  significant.  It  is  therefore  probable  that  lactobaeilli  may  cause  dental 
caries  in  the  susceptible  animals,  but  it  is  doubtful  whether  they  are  important 
etiologic  agents  of  dental  caries  in  resistant  rats. 


DISCUSSION 

The  greater  frequency  of  recovery  of  oral  lactobaeilli  from  caries-suscep¬ 
tible  than  from  caries-resistant  rats  indicates  that  this  group  of  bacteria  is 
probably  involved  in  the  production  of  dental  caries.  In  caries-susceptible 
rats,  lactobaeilli  were  recovered  consistently  from  almost  every  rat  that  was 
examined  between  21  and  250  days  of  age.  Furthermore,  lactobaeilli  were 
found  before  as  well  as  after  the  onset  of  caries,  indicating  that  they  do  not 
appear  as  a  result  of  caries.  They  may  contribute  to  the  initiation  of  caries 
provided  that  the  rats  are  maintained  on  a  cariogenic  diet. 

In  contrast  to  the  consistent  recovery  of  oral  lactobaeilli  in  caries-suscep¬ 
tible  rats,  only  about  20  per  cent  of  the  caries-resistant  rats  yielded  laeto- 
bacilli  after  they  were  50  days  old.  There  was  a  higher  per  cent  recovery 
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from  caries-resistant  rats  when  they  were  younger.  A  similar  reduction  has 
been  noted  previously,^^  which  is  an  indication  that  these  rats  can  develop  a 
resistance  to  this  group  of  bacteria. 

When  resistant  rats  developed  caries,  there  was  an  increase  in  recovery 
of  lactobaeilli  when  compared  with  rats  of  the  same  strain  which  did  not 
develop  caries.  However,  the  recovery  of  lactobaeilli  never  approached  the 
frequency  found  in  susceptible  animals.  Assuming  that  lactobaeilli  are  the 
chief  etiologic  agents  of  dental  caries  in  the  susceptible  rats,  it  appears  prob¬ 
able  that  a  different  group  of  organisms  is  usually  responsible  for  caries  in 
the  resistant  rats. 


SUMMARY 

Oral  lactobaeilli  were  recovered  more  frequently  and  in  greater  numbers 
from  caries-susceptible  than  from  caries-resistant  rats.  Lactobacilli  were  re¬ 
covered  consistently  from  nearly  all  of  the  susceptible  rats  that  were  examined. 
The  percentage  of  resistant  animals  from  which  lactobaeilli  were  recovered 
was  high  when  the  rats  were  very  young,  but  after  the  animals  were  50  days 
old,  lactobaeilli  were  recovered  from  approximately  20  per  cent  of  the 
examinations. 

Lactobacilli  were  recovered  from  resistant  rats  which  subsequently  de¬ 
veloped  caries  in  only  36  per  cent  of  the  examinations  as  compared  to  99  per 
cent  in  susceptible  animals.  This  is  an  indication  that  lactobaeilli  may  not  be 
important  etiologic  agents  of  dental  caries  in  resistant  rats,  whereas  they  may 
be  the  most  important  etiologic  agent  in  susceptibles. 
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PRECISION  OF  SALIVARY  SEDIMENT  TECHNIC  FOR 
EVALUATING  INHIBITORS 

O.  L.  HARGREAVES  AND  R.  S.  MANLY 
Tufts  University  School  of  Dental  Medicine,  Boston,  Mass. 

A  METHOD  has  been  described  for  study  of  acid  production  by  a  thin  layer  of 
salivary  sediment  coated  on  a  glass  electrode.’  The  electrode  is  immersed 
in  weak  bicarbonate  buffer  containing  glucose.  Acid  formed  from  glucose 
within  the  sediment  causes  the  attainment  of  a  steady  state  within  a  few  minutes,  ’ 
at  which  time  the  pH  differential  between  the  sediment  and  the  solution  is  a 
measure  of  the  rate  of  acid  production.  The  influence  of  some  chemicals  on  the 
pH  differential  was  used  to  evaluate  the  inhibitory  effect  of  such  chemicals  on 
acid  production.*  *  The  purpose  of  this  study  was  to  determine  the  reproducibil¬ 
ity  of  the  technic  under  different  conditions  of  test,  and  to  report  the  precision 
of  the  method  when  it  was  applied  to  the  routine  screening  of  potential  inhibitors 
of  acid  production.  The  essential  parts  of  the  equipment  are  6  glass  electrodes 
connected  in  pairs  with  a  common  calomel  electrode  and  operating  through  a 
Beckman  Automatic  Switch,  a  Beckman  Industrial  pH  Meter  to  a  Minneapolis- 
Honeywell  6  place  recorder. 

The  reproducibility  of  the  technic  was  studied  first  wdth  substances  capable 
of  producing  only  a  transient  change  in  the  pH  differential.  0.01  molar  sodium 
dihydrogen  phosphate  was  selected  for  test  because  of  its  ability  to  increase 
the  buffer  capacity  of  the  solution.  Since  the  control  buffer  solution  contained 
0.01  molar  bicarbonate,  the  essential  effect  of  the  phosphate  w'as  merely  to 
double  the  buffer  capacity  of  solution  in  contact  with  salivary  sediment.  One- 
tenth  milliliter  of  sediment  was  placed  against  each  of  3  electrodes,  which 
were  in  operation  for  7  hours  and  in  contact  wdth  a  variety  of  substances  in 
addition  to  the  phosphate  which  is  reported  in  Table  I.  The  figures  given  are 
the  percentages  of  the  control  activity,  and  were  obtained  by  dividing  the  second 
pH  differential  by  the  control  differential.  The  average  effects  on  different 
sediments  ranged  from  40  to  56  per  cent.  The  standard  deviation  of  a  single 
determination  amounted  to  11.4  per  cent  which  seems  suffleiently  precise  for  a 
biological  technic. 

The  next  trial  was  made  with  a  substance  capable  of  neutralizing  acid  in  a 
specific  manner  (Table  II).  Urea  at  0.01  per  cent  concentration  is  converted 
to  ammonia  by  urease  within  the  sediment,  which  raises  the  pH  by  titrating  part 
of  the  acid  that  is  formed.  This  concentration  of  urea  reduces  sediment  differ¬ 
entials  by  about  one-half  as  long  as  the  solution  is  in  contact  with  sediment. 

Supported  by  grants  from  the  American  Chicle,  Colgate-Palmolive-Peet.  Lambert  Phar- 
macal.  Lever  Brothers,  Procter  and  Gamble  companies,  and  the  Sugar  Research  Foundation. 

Presented,  in  part,  at  the  General  Meeting  of  the  International  Association  for  Dental 
Research,  Philadelphia,  March  20-22,  1953  (J.  D.  Rea.  32:  651,  1953). 
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Sediments  were  obtained  from  salivas  of  6  subjects  and  3  aliciuots  of  each 
sediment  were  employed.  Two  tests  were  run  on  each  aliquot.  The  results  of 
the  first  and  second  tests  are  shown  separately.  The  average  for  the  first  test 
was  60  per  cent  for  the  whole  group.  For  the  second  test  the  average  was  48 
per  cent  (12  per  cent  lower).  The  standard  deviation  for  all  tests  is  nearly 
20  per  cent,  which  is  higher  than  desirable  because  of  a  high  variance  that  is 
attributable  to  2  subjects,  ME  and  VJ,  whose  sediment  showed  a  special  sus¬ 
ceptibility  to  urea.  The  average  for  the  remaining  4  sediments  was  70  per  cent 
and  the  individual  values  are  in  good  agreement.  Possibly  the  2  sediments  con¬ 
tained  a  higher  urease  concentration  than  did  the  remainder.  Comparison  be¬ 
tween  the  aliquots  of  the  same  sediments  exhibited  an  average  standard  deviation 
of  8  per  cent. 


Table  I 

Variance  With  a  Buffer 
(0.01  M  NaH,P04) 


1  SUBJECTS  j 

MEAN 

1  RM 

1 

ME  1 

JB 

1 

VJ 

1 

wc  1 

cw 

51 

37 

53 

60 

47 

54 

50 

47 

42 

62 

46 

41 

34 

45 

41 

46 

77 

47 

43 

65 

53 

41 

35 

32 

32 

33 

63 

39 

Mean 

45 

40 

56 

46 

41 

54 

47 

S.  D.  = 

11.4 

Table 

II 

Variance  With  . 

k  Neutralizing  Substance 

(Urea,  0.01%) 

1 

ME 

JB  1 

VJ  1 

wc 

GH 

1  1st  I 

2nd 

1st  I  2nd 

1  1st  I 

2nd  I 

1st  I 

2nd 

1  1st  I 

2nd 

1st  1  2nd 

SoHiinent 

83 

62 

29  38 

63 

49 

36 

13 

76 

65 

68  67 

aliquot 

51 

67 

32  21 

72 

42 

46 

22 

87 

77 

69  57 

79 

74 

36  24 

77 

72 

54 

27 

56 

46 

67  35 

Average 

71 

68 

32  28 

71 

54 

45 

21 

73 

63 

68  53 

S.  D. 

14 

5 

3  7 

5 

13 

8 

6 

13 

13 

1  13 

1st 

2nd 

ALL 

TESTS 

Mean 

47.7 

53.9 

8.  D. 

18.0 

20.1 

19.9 

In  the  preceding  experiment  there  was  no  measure  of  the  substantive  of 
residual  effect  of  chemicals,  because  the  2  substances  chosen  did  not  show  such 
action.  In  studies  of  oxygen-containing  compounds,*  and  nitrogen  derivatives,* 
calculations  were  made  of  the  percentage  change  between  a  first  and  second 
control  in  order  to  disclose  residual  influences.  A  test  of  reproducibility  of  a 
residual  inhibitor  was  based  on  sodium  iodoacetate  (Table  III).  In  this 
instance  there  were  2  inhibitory  effects  to  be  observed.  The  first  was  the  action 
while  the  chemical  was  in  contact  with  the  sediment,  and  the  second  was  the 
extent  of  the  recovery  of  the  original  pH  differential  after  the  chemical  had 
been  replaced  by  control  solution.  Iodoacetate  was  employed  at  a  concentration 
of  10  parts  per  million’  because  this  concentration  produced  an  important 
inhibitory  effect.  Fifteen  milliliters  of  saliva  from  6  individuals  was  pooled 
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and  centrifiifrod  in  the  usual  manner  and  0.1  ml.  ali(|uots  were  employed.  Six 
te.sts  were  run.  The  acid  production  rate  was  reduced  to  37  per  cent  while 
the  iodoacetate  was  in  contact  with  the  sediment  and  there  was  hardly  any 
chaiifje  during  the  second  control  period.  Activity  after  treatment  averaged 
39  per  cent,  with  a  standard  deviation  of  a  single  determination  amounting  to 
4.3  per  cent. 

Table  III 

Variance  With  an  Inhibitor 

Pooled  Sedi.me.vt  Treated  With  10  ppm  of  Sodiu.m  Iodoacetate 
(%  of  Control  .\ftivity) 


eONTACT 

RECOVERY 

36 

44 

31 

32 

42 

35 

Aliquots  of  pooled  sediment 

44 

39 

34 

41 

35 

43 

Mean 

37.0 

39.0 

S.  I). 

4.5 

4.3 

Another  measure  of  precision  would  be  the  duplicability  of  the  method 
while  being  used  by  different  operators  for  routine  tests  on  a  variety  of 
chemicals.  During  a  3-month  period  in  1953,  there  were  4  different  operators 
employed  part-time  in  a  general  screening  program.  Our  policy  was  to  perform 
duplicate  tests  on  all  compounds  that  showed  recoveries  of  65  per  cent  or  less, 
and  single  tests  on  those  having  higher  recoveries  (lesser  activity).  From  this 
group  of  300  compounds,  there  were  57  for  which  recoveries  averaged  45  per 
cent  or  less.  During  this  period  the  test  was  perfonned  on  0.03  ml.  of  sediment 
with  5  per  cent  supernatant  liquid  from  saliva  added  to  the  bicarbonate  buffer 
in  order  to  increase  the  precision  of  testing.  In  certain  instances  the  values 
differed  sufficiently  to  require  that  a  third  test  be  run,  but  only  the  first  2  tests 
were  considered  for  the  calculation  of  precision.  Under  these  conditions  the 
standard  deviation  of  a  single  determination  amounted  to  ±7.6  per  cent  from  the 
mean,  with  the  original  control  differential  equivalent  to  100  per  cent.  This 
result  indicates  that  two-thirds  of  the  duplicates  will  check  within  15  per  cent 
for  a  large  group  of  substances  whose  recovery  values  are  45  per  cent  or  less. 

During  the  past  3  years  several  hundred  compounds  have  been  tested  by  the 
sediment  procedure,  and  enough  information  has  been  accumulated  to  allow  us 
to  make  a  comparison  between  our  findings  and  those  obtained  by  the  conven¬ 
tional  saliva-glucose  method.  Of  the  381  compounds  tested  by  Fosdick,  Calandra, 
Blackwell,  and  Burrill,®  46  have  been  tried  by  us,  usually  at  a  greater  con¬ 
centration.  A  comparison  of  findings  are  given  in  Table  IV.  The  table  is 
divided  according  to  whether  the  compounds  were  effective  in  inhibiting  acid 
production  by  both  methods,  by  saliva-glucose  method  only,  or  by  neither 
method.  The  ratio  of  the  effective  concentrations  were  calculated  for  parts  A 
and  B  of  the  table.  There  were  5  substances  which  were  positive  by  both  tests, 
but  the  concentrations  reipiired  to  give  a  positive  test  by  the  salivary  sediment 
was  from  20  to  over  40  times  as  great  as  that  required  for  the  saliva-glucose 
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method.  For  example,  alkyldimethyl  benzyl  ammonium  chloride  became  com¬ 
pletely  effective  at  0.2  per  cent  concentration  on  sediment  whereas  it  was  com¬ 
pletely  effective  at  0.005  per  cent  by  the  saliva  test.  No  ratio  can  be  given 
for  dodecylamine  hydrochloride  because  our  tests  were  carried  out  at  one-tenth 
saturated  solutions  and  the  exact  concentration  was  not  known.  Complete  in¬ 
hibition  w’as  not  achieved  with  1  per  cent  sodium  N-lauroyl  sarcosinate  but  the 
compound  was  inhibitorj’  to  a  considerable  degree,  which  indicates  that  the 
ratio  of  effective  concentrations  would  be  greater  than  40.  There  are  17  com¬ 
pounds  which  were  inhibitory  according  to  the  saliva-glucose  technic  and  not 
inhibitory  by  the  sediment  method.  The  ratios  of  the  effective  concentrations 
ranged  from  >1  to  >100.  In  part  C  of  the  table  are  26  substances  which 
were  negative  according  to  both  tests.  Higher  concentrations  are  needed  for 
inhibitory  effect  on  sediment,  presumably  because  some  chemicals  are  unable 
to  diffuse  rapidly  into  the  sediment  layer  under  the  test  conditions  or  are 
eliminated  by  the  rinsing  with  the  second  control  solution. 


Table  IV 

Comparison  of  Saliva- Glucose  and  Salivary  Sediment  Result 


RATIO  OF  effective 

concentrations 

A.  Compounds  positive  by  both  tests 

alkyldimethylbenzylammonium  chloride 

40 

subtilin 

20 

decylamine  HCl 

— 

dodecylamine 

— 

sodium  N-lauroyl  sarcosinate 

>40 

B.  Positive  hy  saliva- glucose,  negative  by  sediment 


Aureomycin 

bacitracin 

cetyltrimethylammonium  bromide 
Chloromycetin 
dihydrostreptomycin 
laurylisoquinolinium  bromide 
2,2'methylenebis-  (  4-chlorophenol ) 
penicillin  G 

soya  trimethylammonium  chloride 
Terramycin 

cetyldimethylamine  .  HCl 
formaldehyde 
heptaldehyde 
tallow  amine  HCl 
tetradecyl  amine  HCl 
isobuty  ral  dehy  de 
sodium  dehydroacetate 
C.  Compounds  negative  by  both  tests 
acetyl  urea 
dl  alanine 
L  arabinose 

2-chloromethyl-5-hydroxy-l,4-pvrone 

ethanolamine 

ethyl  vanillin 

ferrous  sulfate 

furfural  semicarbazone 

glucosamine 

DL  glyceraldehyde 

glycine 

glycyl  glycine 

histamine 


>2 

>20 

>2 

>2 

>2 

>200 


>2 

>20 

>2 

>20 

>1 

>100 

>1 

>1 

>40 

>20 


inositol 
isoleucine 
L  leucine 
DL  norleucine 
DL  norvaline 
pantothenol 
dl  phenylalanine 
sodium  benzoate 
sodium  bisulfite 
tannic  acid 
taurine 
threonine 
dl  valine 
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About  half  of  the  compounds  tested  by  Fosdick,  Calandra,  Blackwell  and 
Burrill,  showed  activity  according  to  the  saliva-glucose  procedure.®  The  con¬ 
centrations  were  0.05  per  cent  or  more.  About  10  per  cent  of  1,500  compounds 
tried  by  us  have  shown  inhibition  greater  than  65  per  cent  in  tests  by  the  salivary 
sediment  method.  The  concentrations  usually  ranged  from  0.1  to  1  per  cent. 
The  lower  incidence  of  activity  and  higher  concentrations  required  both  reflect 
the  requirements  for  diffusibility  and  substantivity. 

SUMMARY 

A  test  of  reproducibility  has  been  made  for  the  salivary  sediment  method* 
of  measuring  the  influence  of  inhibitors  on  acid  formation  rates.  The  standard 
deviation  of  a  single  determination  from  the  mean  was  found  to  range  from  5 
to  20  per  cent,  depending  on  the  method  used  in  preparing  the  sediment  and 
the  type  of  chemical  being  tested.  An  over-all  standard  deviation  of  duplicates 
from  their  means  was  7  per  cent.  Higher  concentrations  of  inhibitory  agents 
are  required  to  inhibit  acid  formation  in  salivary  sediment  than  are  needed  to 
inhibit  acid  formation  in  saliva-glucose  mixtures. 
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ESTABUSHING  AN  ENVIRONMENT  FOR  GROWTH  OF  ACIDURIC 
BACTERIA  IN  THE  ORAL  CAVITY 

MASAO  ONISI  AND  WATARU  HONDO 
Dejiartment  of  Microbiology,  Tokyo  Medical  and  Dental  University,  Tokyo,  Japan 

This  study  is  based  on  the  assumption  that  the  deposition  of  dental  ealculus 
could  he  controlled  by  the  production  of  an  appropriate  amount  of  acid 
by  aciduric  organisms  grown  in  the  mouth.  Therefore,  it  was  necessary  to  find 
first  a  practical  method  to  increase  the  number  of  lactobacilli  in  the  mouth. 

Bunting,  Nickerson,  Hard,  and  Crowley^  found  that  there  was  close  corre¬ 
lation  between  activity  of  dental  caries  and  the  presence  of  B.  acidophilus. 
They  also  noted  that  there  were  certain  individuals  who  had  a  distinct  resistance 
to  the  growth  of  B.  acidophilus  in  the  mouth  even  though  they  drank  acidophilus 
milk.  They*  therefore  accepted  this  phenomenon  as  a  presumptive  index  of 
susceptibility  to  dental  caries.  Howitt,  Flemming,  and  Simonton*  mention  that 
lactobacilli  in  the  human  mouth  were  the  only  organisms  to  respond  to  an  in¬ 
crease  of  the  carbohydrate  component  in  the  diet.  Bunting,  Nickerson,  Hard, 
and  Crowley*  also  established  that  following  the  experimental  feeding  of  a  large 
number  of  children  for  a  year  on  a  well-balanced  diet  from  which  sugar  and 
candy  were  practically  eliminated,  the  growth  of  B.  acidophilus  in  the  mouth 
was  markedly  reduced.  The  modification  of  oral  flora  by  diet  is  extremely 
difficult.  Bibby*  claimed  that  it  was  probable  that  the  mouth  flora  were  less 
profoundly  affected  by  diet  than  w^ere  those  of  the  intestine  because  gross 
accumulations  of  food  were  in  contact  with  the  teeth  for  only  limited  periods  of 
time,  while,  in  the  intestine,  contact  was  more  prolonged. 

METHODS 

A  small  plastic  plate  was  applied  to  a  palate  in  order  to  prolong  contact 
of  food  residue  with  oral  tis.sues.  Subsequently  the  suitability  of  the  space 
for  fermentation  thus  provided  under  the  plate  was  determined  by  means 
of  lactobacilli  counts  and  determination  of  the  local  pH.  (Fig.  1.) 

At  first  the  number  of  lactobacilli  of  the  mouth  was  counted  on  5  or  6 
successive  days  in  order  to  estimate  the  individual  level  of  the  lactobacillus 
count.  The  average  of  daily  fluctuation  and  standard  deviation  were  computed. 
Then  the  plate  was  inserted  in  the  mouth  and  lactobacilli  were  counted  through¬ 
out  these  period.s.  The  i)H  value  on  the  inner  surface  of  the  plate  was  de¬ 
termined  colorimetrically  each  day  of  the  experiment. 

Preliminary  investigation  showed  the  following  method  for  lactobacillus 
count  as  preferable:  Sampling  was  done  just  l)efore  lunch  when  oral  bacteria 
residing  on  and  between  teeth  or  on  other  surfaces  in  the  mouth  were  collected 
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in  10  ml.  of  sterile  peptone  water  used  to  wash  the  mouth.  This  peptone  water 
consisted  of  5  Gm.  peptone,  10  Gm.  glucose,  2.5  Gm.  sodium  chloride,  and  1,000 
ml.  distilled  water.  The  pll  of  this  solution  was  adjusted  to  5.0  and  its  surface 
tension  was  measured  as  approximately  60  dyn./cm.  by  means  of  Du  Nouy’s 
tensiometer.  This  produced  a  slimy  saliva,  and  lactobacilli  homogeneously 
suspended  in  the  mixture  could  survive  for  a  few  hours.  A  thick  foamy  layer 
on  the  sample,  which  always  arose  after  vigorous  mouth  washing,  was  eliminated 
by  dropping  octyl  alcohol  into  the  sample.  A  sufficient  amount  of  peptone  water 
was  then  added  in  order  to  bring  the  volume  up  to  20  ml.  From  this,  0.1 
ml.  was  usually  diluted  further  to  10^  or  10^.  This  j)rodueed  a  final  dilution 
that  contained  approximately  100  colonies  per  0.1  ml.  which  was  seeded  as 
homogeneously  as  possible  on  a  plated  medium  consisting  of  5  Gm.  yeast  extract 
(Difco),  10  Gm.  Tripeptone  (Takeda),  10  Gm.  glucose,  2.5  Gm.  sodium  chloride, 
0.1  Gm.  sodium  azide,  5  c.c.  of  0.2  per  cent  Brom-Thymol-Green  and  of  0.2 
per  cent  Cresol-Phenol-Red,  30  Gm.  agar-agar,  100  c.c.  skim  milk,  900  c.c. 
distilled  water,  and  a  small  amount  of  alkali  for  pH  adjustment  at  6.0.  Incu¬ 
bation  was  carried  at  37'^  C.  for  2  days  under  microaerophilic  condition  in  a 
candle  jar.  On  this  medium  lactobacilli  produce  colonies  with  yellowish  green 
halos  while  proteolytic  oral  anaerobes  produce  transparent,  somewhat  red  halos. 


FIk.  1. — Palatal  plate  providing  fermentation  space. 


Si  l  ean®  stated  that  under  anaerobic  conditions  a  greater  number  of  colonies 
are  secured.  In  this  study  it  was  found  that  culturing  under  anaerobic  con¬ 
ditions  produced  about  5  times  more  colonies  than  under  aerobic  conditions, 
but  it  is  believed  there  is  no  significant  difference  between  the  anaerobic  and 
microaerophilic  cultures. 

Onisi  and  Kato*  showed  that  when  Esch.  coH  suspension  was  diluted  with 
liouillon,  an  error  of  plate  counting  was  introduced  which  originated  with  distri¬ 
bution  of  the  colonies  on  a  plate,  through  errors  in  ])ipetting  and  dilution. 
When  determining  the  lactobacillus  count  of  .saliva,  however,  the  error  (repre¬ 
sented  by  standard  deviation)  through  successive  dilution  is  negligible,  until 
the  numlier  of  colonies  on  a  plate  approximates  100.  In  Table  I,  variability 
of  pipette  errors  from  each  advancing  dilution  was  estimated  from  16  to  8.14 
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per  cent  while  the  variability  obtained  from  the  dilution  containing  more 
or  less  than  20  colonies  was  44.8  per  cent.  In  this  high  dilution  the  un¬ 
determined  increase  of  the  average  number  of  colonies  was  extremely  large. 
In  practice,  therefore,  the  plates  which  contain  over  100  colonies  should  be 
chosen  for  counting. 


Table  I 

Influence  op  Dilution  to  Lactobacillus  Count 


DILUTION 

NUMBER  OP 
COLONIES  ON 

A  PLATE 

AVERAGE 

(M) 

STANDARD 

DEVIATION 

(s) 

VARIABILITY 

(s/m  X  100) 

SHIFT  OP  THE 

AVERAGES 

Original 

1,368 

1,208 

1,200 

1,061 

1,272 

1,222 

±101.0 

±  8.26% 

100 

x2 

620 

754 

±103.0 

±13.7% 

123 

x4 


x8 


xl6 


xlOO 


685 

856 

853 

754 

415 

347 

317 

394 

362 

220 

178 

161 

176 

233 

104 
90 

116 

100 

105 

19 

19 

14 

17 

9 

26 

36 


367 


194 


103 


20 


±  38.6 


±  31.0 


±10.5% 


±16.0% 


±  8.95  ±44.8% 


120 


127 


±  9.39  ±  9.10%  135 


164 


FINDINGS 

Findings  in  8  cases  from  6  test  persons  are  surveyed  in  Table  II.  These 
individuals  did  not  suffer  from  any  systemic  disease  or  dental  disorder  during 
the  period  of  observation.  There  was  no  activation  of  any  lesion  during  this 
period. 

The  daily  fluctuation  of  16  lactobacillus  counts  during  20  days  for  6 
persons  was  presumed  to  be  a  normal  distribution ;  consequently,  it  was  possible 
to  determine  the  upper  limit  of  rejection  at  the  level  of  signiflcanee  0.05  from 
the  average  and  standard  deviation  of  preliminary  counts.  If  a  count 
rose  over  this  rejection  limit,  it  was  judged  to  be  of  signifleant  increase.  From 
this  standpoint,  7  cases  out  of  8  showed  a  significant  increase  of  lactobacilli 
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Table  II 

Transient  Increase  of  Lactobactlli  Caused  by  Wearing  of  Plate 


name 

OF 

TEST 

PERSON 

DATE 

OF 

COUNT¬ 

ING 

E 

COUNTING 
ON  PLATE 
MEDIUM 

lEFORE  WE 

AVERAGE 

ARINO  PLATl 

STANDARD 

DEVIA¬ 

TION 

UPPER 
LIMIT  OF 
REJECTION 

0.05 

WHILE 

WAS 

COUNT  ON 
PLATE 

MEDIUM 

PLATE 

WORN 

Ph  OP 
INSIDE  OP 
PLATE 

AFTER  PLATE 
WAS  REMOVED. 

COUNT  ON 
PLATE  MEDIUM 

xl04 

Xl04 

Xl04 

xl04 

xl04 

M.  0. 

1 

_ 

230 

110 

2 

150 

_ 

149 

3 

145 

150 

12.9 

189 

630 

4 

152 

470 

5.2 

5 

172 

6 

132 

Xl04 

Xl04 

Xl04 

Xl04 

Xl04 

Xl04 

M.  0. 

1 

_ 

238 

144 

2 

85 

382 

164 

3 

140 

148 

34.3 

253 

504 

5.2 

4 

180 

479 

5.2 

5 

174 

6 

160 

Xl04 

xl04 

xl04 

xl04 

Xl04 

Xl04 

T.  K. 

1 

_ 

18 

3 

2 

9 

29 

5 

3 

5 

5.8 

2.5 

14.7 

— 

5 

"~6 

6 

3 

Xl03 

xl03 

xl03 

xl03 

xl04 

Xl03 

T.  K. 

1 

118 

_ 

230 

2 

187 

46 

219 

3 

56 

120 

47.2 

252 

82 

5.2 

4 

97 

210 

5.2 

5 

87 

6 

176 

Xl03 

Xl03 

Xl03 

Xl03 

Xl04 

Xl03 

H.  M. 

1 

243 

--- 

73 

2 

110 

140 

240 

3 

65 

129 

63.0 

309 

230 

5.2 

4 

164 

56 

5.2 

5 

58 

6 

134 

Xl03 

Xl03 

Xl03 

Xl03 

Xl03 

Xl03 

Y.  T. 

1 

_ 

60 

26 

2 

72 

100 

154 

3 

54 

45 

19.4 

104 

72 

7.0 

4 

53 

102x104 

5.2 

5 

19 

6 

27 

Xl03 

Xl03 

Xl03 

Xl03 

Xl04 

Xl03 

T.  T. 

1 

62 

90 

2 

145 

126 

11 

3 

112 

90 

34.3 

195 

80 

5.2 

4 

68 

162 

5.2 

5 

76 

6 

49 

Xl03 

Xl03 

Xl03 

xlOs 

Xl03 

xl03 

N.  T. 

1 

_ 

78 

39 

2 

69 

80 

43 

3 

48 

45 

30.6 

138  ' 

66 

7.0 

4 

86 

37 

7.0 

5 

6 

6 

15 
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after  the  plate  had  l)een  worn.  Tlie  most  prominent  increase  did  not  usually 
occur  the  first  day,  but  rather  after  the  second  day  of  the  test  period,  and  was 
accompanied  with  a  dropping:  of  the  pH  to  5.2  and  also  with  marked  food 
residue  with  odor  but  no  i)utrefaetion  on  the  inner  surface  of  the  plate.  Fig. 

2  shows  representative  eases  from  the  data  in  Table  II.  One  case  (H.  T.) 
showed  pll  7.0  through  the  third  day,  but  on  the  fourth  day  there  was  a  drop 
to  5.2  and  an  increase  in  the  lactobaeillus  count  to  about  23  times  that  of  the 
individual  level.  In  an  exceptional  ease  the  count  remained  on  the  control  level 
after  the  plate  was  worn,  showing  that  local  acidity  under  the  plate  never 
develot)ed.  In  this  case  the  plate  was  loosely  prepared  and  the  inner  surface 
was  kept  clean  throughout  this  period  because  of  the  steady  sucking  by  this 
individual  who  was  of  nervous  temperament. 

After  the  plate  was  removed,  the  count  always  came  back  to  within  the 
lange  of  the  usual  daily  fluctuation  of  each  individual. 

niscrssiox 

Rodriquez^  thought  that  the  presence  of  carious  lesions  is  an  indication  of 
caries  activity,  but  Kesel®  defined  caries  as  inactive  when  no  new  cavities 
developed  and  there  was  no  increase  in  extent.  It  is  generally  believed  that 
caries  activity  is  related  to  lactobaeillus  count.  In  our  experiment,  however, 
there  was  no  sign  of  a  sudden  decrease  of  systemic  resistance  against  infections 
and  no  visible  expansion  of  the  lesions,  although  there  were  increases  in  the 
lactobaeillus  count  after  wearing  a  special  plate.  Thus  the  resultant  increase 
should  not  be  considered  as  resulting  from  the  concealed  activation  of  the 
carious  lesion  but  rather  as  a  result  of  the  favorable  environment  for  lacto- 
bacilli  provided  under  the  plate. 

It  is  generally  accepted  that  lactobacilli  have  no  catalase,  nor  micro- 
aerophilic  or  anaerobic  oxygen  requirements,®  and  that  a  medium  of  pH  6.0'° 
is  favorable  for  their  growth.  It  is  further  considered  that  they  first  utilize 
■  carbohydrate  from  the  media.  The  decrease  of  the  pH  value  on  the  inner 
surface  of  the  plate  to  5.2  favors  the  predominant  growth  of  lactobacilli  over 
other  oral  flora.  Pincus"  noticed  the  reducing  capacity  of  saliva.  It  is 
presumed,  however,  that  saliva  is  always  affected  by  the  oxygen  tension  of 
the  atmosphere,  being  in  contact  with  the  mucous  membrane  of  the  mouth. 
Eisenbrandt'®  obtained  a  rather  high  oxidation- reduction  potential  of  saliva, 
but  noted  that,  if  saliva  were  kept  in  the  sample  cup  beyond  2  minutes,  a 
considerable,  but  irregular,  drift  toward  a  negative  potential  began.  It  is 
likely  that  the  plate  would  not  only  serve  to  retain  the  food  residue  but  would 
also  serve  to  keep  oxygen  away  from  saliva,  and  conseciuently  would  preserve 
a  suitable  atmospheric  cultural  environment  for  oral  anaerobes. 

Further  investigations  are  needed  to  confirm  our  observ’ations  on  the 
function  of  the  plate  in  a  mouth.  Considering  caries  activity  to  be  indicated 
by  the  lactobaeillus  count  or  the  capacity  for  acid  production  by  whole  saliva, 
the  narrow  space  between  a  clasp  and  tooth  surface  and  the  interdental  spaces 
might  be  considered  as  equivalent  to  the  environment  provided  under  the  plate. 
This  consideration  introduces  the  possibility  that  the  attempt  to  express  caries 
activity  by  lactobaeillus  count  would  be  influenced  by  several  factors  inde- 
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pendent  of  the  real  cause.  For  example,  Thompson'®  claimed  there  was  diffi¬ 
culty  in  assaying  the  possible  significance  of  degree  of  correlation  between  caries 
and  the  presence  of  the  aciduric  bacilli.  Tucker'*  could  not  find  persistence 
of  lactobacilli  in  those  cases  in  which  there  was  shown  a  high  susceptibility 
to  dental  caries.  Bradel  and  Blayney'®  obsened  that  in  185  samples  obtained 
during  the  edentulous  period  only  20  were  positive  with  very  low  counts.  When 
a  denture  was  worn,  lactobacilli  could  be  recovered  consistently,  but  this  finding 
seemed  to  be  independent  of  whether  the  patient  was  previously  classified  as 
caries  active  or  caries  free.  This  clinical  investigation  is  rather  understandable 
from  our  investigation  of  the  growth  environment  for  lactobacilli  provided 
under  the  plate. 

SUMMARY 

Significant  sudden  increase  and  return  again  to  the  individual  level  of 
lactobacilli  was  observed  following  insertion  and  withdrawal,  respectively,  of 
a  plate  applied  to  the  palate.  This  phenomenon  was  interpreted  as  not  indi¬ 
cating  a  fluctuation  of  caries  activity,  but  resulting  from  the  establishment 
of  an  anaerobic  fermentation  space  where  lactobacilli  could  grow  predominantly. 
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BIOCHEMICAL  STUDIES  WITH  MIXED  POPULATIONS  OF 
ORAL  BACTERIA 
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INTRODUCTION 

Numerous  quantitative  investigations  have  attempted  to  determine  qualita¬ 
tively  which  organisms  are  the  causative  agents  of  dental  caries  and  how 
enamel  is  destroyed.  Examples  of  such  work  are  pH  measurements  of  saliva, 
plaque  material,  and  pure  and  impure  cultures  of  oral  microflora,  as  well  as  the 
classical  plate  counts  for  total  bacteria,  acid  formers,  and  other  groups.  Much 
of  this  voluminous  literature  has  been  competently  surveyed  in  1952  and  is  now' 
conveniently  accessible.’  However,  the  constantly  changing  interrelationships 
between  the  mixed  microfloral  population  as  a  whole  and  its  mean,  over  all,  or 
statistical  biochemistr\’  have  received  much  less  attention.  Yet  this  kind  of 
dynamic  approach  is  suggested  by  the  variability  of  conditions  in  the  mouth. 
While  some  properties  (e.g.,  moisture  and  temperature)  remain  fairly  constant, 
others  (e.g.,  diet  and  pH)  vary  continuously  or  discontinuously.  These  changes 
may  be  cyclical  (e.g.,  variation  in  oxidation-reduction  potential)  and  may  result 
from  factors  intimately  interrelated  and  exerting  a  mutual  influence  ujion  one 
another.  For  example,  bacterial  action  is  largely  responsible  for  the  pH  of  the 
microbic  milieu  while  pH  in  turn  exerts  a  selective,  directive,  or  otherwise  con¬ 
trolling  effect  on  the  biochemical  activities  of  the  developing  culture.  Direct 
qualitative  studies  of  this  kind  of  mass  population  dynamics  would  be  different 
from  the  more  static  and  quantitative  technics  so  far  largely  employed. 

This  paper  reports  experiments  on  the  cultural  properties  and  respiratory 
activities  of  mixed  populations  representing  different  physiologic  groups  of  oral 
microorganisms.  The  objective  was  more  to  explore  the  respirometric  method¬ 
ology  for  studying  the  metabolism  of  oral  bacteria  in  mixed  culture  than  to 
conduct  a  comprehensive  biochemical  investigation.  Although  the  Warburg 
technic  has  already  been  used  to  measure  oxygen  consumption  by  salivary 
microflora,*'*  its  general  usefulness  exceeds  this  particular  purpose. 

MATERI.VUS  AND  METHODS 

The  composition  of  the  synthetic  basal  medium  employed  has  been  reported.®. «  In 
this  mineral  solution,  a  nontoxic  nonmetabolizable  chelator  (ethylenediaminetetraacetate) 
maintained  essential  trace  metals  in  a  readily  available  form  and  enhanced  microbial  develop¬ 
ment.®  To  satisfy  vitamin  requirements^-®  0.05  per  cent  yeast  extract  was  included.  Com¬ 
pared  with  the  high  substrate  levels,  this  amount  of  yeast  extract  would  not  sustain  appreciable 

This  investigation  was  supported  in  part  by  a  research  grant  (D-182R)  from  the  National 
Institute  of  Dental  Research,  National  Institutes  of  Health,  United  States  Public  Health 
Service. 
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growth.  The  complete  media  (Table  I)  were  designed  to  simulate  carbohydrate,  protein, 
and  fat  diets,  and  so  obtain  in  vitro  the  oral  microflora  ordinarily  developing  in  vivo 
under  the  influence  of  different  diets.  In  the  carbohydrate  medium,  insoluble  starch  and 
powdered  CaCO,  were  avoided  because  of  difficulty  in  separation  from  bacterial  cells.  The 
oyster  shell  fragments  neutralized  acidity  which  depressed  both  growth  and  respiratory 
activity.  The  two  lipid  media  were  formulated  to  obtain  different  groups  of  lipolytic 
bacteria.  An  organism  which  utilizes  olive  oil  must  possess  lipase  to  hydrolyze  the  ester, 
whereas  the  metabolism  of  oleate  does  not  require  this  enzyme.  All  media  were  initially 
adjusted  to  pH  7.0  and  inoculated  with  about  5.0  ml.  of  saliva  per  liter.  For  aerated  cultures 
100.0  ml.  portions  of  medium  in  250  ml.  Erlenmeyer  flasks  were  kept  on  a  continuous 
horizontal  shaker.  Stationary  cultures  consisted  of  500  ml.  Erlenmeyer  flasks  filled  to  the 
top.  These  in  vitro  experiments  were  attempts  to  reproduce  aerobic  and  anaerobic  or 
microaerophilic  conditions  in  the  mouth.  Incubation  occurred  at  30®  C.  rather  than  at  37®  C. 
since  the  shake  machine  was  in  a  room-sized  incubator  set  at  that  temperature. 

Table  I 


Conditions  for  Cell  Production  and  Warburg  Resiurometric  Experiments 


PROPERTIES  OP 

CELL  SUSPENSIONS 

USED 

BASAL  MEDIUM 

PLUS 

AGE  AT 
HARVEST, 
HOURS 

PH  AT 

HARVEST 

CONCEN¬ 

TRATION 

FROM 

ORIGINAL 

CUL¬ 

TURE* 

PREAERA¬ 

TION, 

HOURS 

LUME- 

TRON 
DENSITY, 
PER  CENT 

TRANS¬ 

MISSION 

WITH 
650  RED 
FILTERt 

MG.  CELL 
NITRO¬ 
GEN  PER 
VESSEL 

(1.9 

ML.) 

DURA¬ 
TION  OP 
EXPERI¬ 
MENT, 
HOURS 

(PER  CENT) 

Aerated  Cultures 

Glucose 

Sucrose 

Soluble  starch 
Oyster  shell 
fragments 

1.0 

1.0 

1.0 

ca.  25.0 

15 

7.0 

5:1 

2  1/3 

6 

0.79 

DA 

Olive  oil 

1.0 

14 

6.5 

20:1 

4% 

5 

0.82 

1% 

Olive  oil 

Na  oleate 

1.0 

0.2 

15 

7.4 

5:1 

2 

14 

0.86 

1% 

Gelatin 

Peptone 

Beef  extract 

3.0 

1.0 

0.5 

19 

8.0 

2:1  Variablet  31 

Stationary  Culture 

0.34 

VariableJ 

Yeast  extract 

0.05  15 

7.8 

20:1 

4 

39 

0.25 

1% 

•  *  1000.0  ml.  of  culture  medium 

♦Ratio  of  - - - ; - n - ; - 

ml.  of  final  cell  suspension 

tDetermlned  after  preaeration. 
{Indicated  in  Table  II. 


Cultures  were  harvested  by  centrifugation  for  1  minute  at  13,000  r.p.m.,  washed  twice 
with  tap  water  at  0®  C.,  resuspended  in  S0rensen’s  phosphate  buffer  (M/50,  pH  7.0),  and 
refrigerated  at  6®  C.,  or  frozen  at  -15®  C.  (Table  II).  Cells  were  starved  by  aerating  the 
suspensions  on  the  shaker.  Manometric  experiments  were  carried  out  in  the  Warburg-Barcroft- 
Haldane  respirometerio  at  30®  C.,  with  16  to  18  ml.  flasks  containing  0.1  ml.  50.0  per  cent 
KOH  in  the  center  well  to  absorb  carbon  dioxide  and  thus  permit  direct  measurement  of 
oxygen  uptake.  Substrate  solutions  were  prepared  w'ith  the  same  buffer  to  avoid  changes 
in  pH  and  phosphate  concentration.  The  oxygen  consumption  and  quotientsio 

[Q02  (N)  =  Oj  taken  up  per  hour  per  milligram  of  cell  nitrogen] 
in  Tables  II,  III,  and  IV  have  all  been  corrected  by  subtracting  the  corresponding  endogenous 
respiration.  These  data  provide  a  common  denominator  for  comparing  oxidative  catabolic 
activity.  Negative  values  indicate  inhibition  or  suppression  of  autorespiration. 
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Table  II 

Respiration  of  Substrates  by  Oral  Bacteria  Cultivated  on  a  Protein  Medium 


PREAERATION  OF  CELL  SUSPENSION 


substrate  and 

CONCENTRATION 

PER  VESSEL 

(MG.) 

NONE*  1 

16  HOURS 

FROZEN  4  DAYS  { 

UNFROZEN  1 

UNFROZEN 

ML  Ojj 

UPTAKE 

Q...,  (N) 

ML  Oj 
UPTAKE 

Qo.  (N) 

DURA¬ 
TION  OF 

EXPERI¬ 

MENT, 

HOURS 

ML  ©2 
UPTAKE 

Qo,  (N) 

Lactate 

4.0 

109 

214 

171 

405 

1.5 

120 

236 

9.1 

2.0 

186 

274 

9.1 

1.5t 

lOlt 

270t 

Glucose 

4.0 

84 

165 

86 

203 

1.5 

181 

356 

18.0 

2.0 

288 

423 

18.0 

1.5t 

120t 

320t 

Sucrose 

4.0 

65 

128 

33 

78 

1.5 

30 

59 

32.0 

2.0 

70 

103 

32.0 

1.5t 

121t 

322 1 

Corn  starch 

4.0 

34 

76 

-6 

-14 

1.5 

8 

16 

100.0 

2.0 

66 

97 

100.0 

1.5t 

30 1 

80 1 

I^ecithin 

4.0 

25 

49 

81 

190 

1.5 

64 

125 

8.0 

2.0 

166 

244 

8.0 

1.5t 

1151 

307 1 

Peptone 

1.6 

101 

198 

266 

625 

1.5 

239 

468 

Beef  extract 

1.6 

Yeast  extract 

0.8 

Gelatin 

2.0 

2.0 

622 

915 

Peptone 

2.0 

1.5t 

309 1 

825 1 

Beef  extract 

2.0 

Yeast  extract 

2.0 

None  (endogenous 

111 

217 

126 

296 

1.5 

27 

53 

respiration  control) 

2.0 

56 

82 

1.5t 

20 1 

53 1 

•Experiment  with  unaerated,  frozen  cells:  1%  hours. 

Experiment  with  unaerated,  unfrozen  cells:  IVi  hours. 

tCells  from  stationary  (unaerated)  culture.  All  other  experiments  utilized  cells  harve.sted 
from  shake  (aerated)  cultures. 

EXPERIMENTAL  RESULTS 

Certain  observations  on  the  cultures  grown  for  cell  jiroduction  (Table  1) 
give  interesting  information  about  the  microfloral  jiopulations  which  developed. 
With  carbohydrates,  the  pH  drop  in  the  absence  of  oyster  shell  was  due  at  least 
in  part  to  volatile  acids  indicated  by  odor.  However,  under  the  experimental 
conditions  employing  vigorous  aeration,  it  is  highly  unlikely  that  the  predominant 
flora  consisted  of  acidogenie  Lactobacteriaceae.  Unfortunately,  little  is  known 
about  other  oral  bacteria  that  produce  acids,  which  acids  they  form,  in  what 
quantities,  and  under  what  conditions.  Moreover,  acid  production  in  mixed 
cultures  may  be  quite  different  both  (lualitatively  and  quantitatively  than  in 
pure  cultures.”  The  calcareous  oyster  shell  which  maintained  the  reaction  at  pH 
7.0  may  have  neutralized  acids  that  were  the  same  as  or  different  from  those 
produced  in  the  absence  of  a  buffering  agent.  But  it  is  also  possible  that  less 
acid  may  have  been  formed  in  the  presence  of  oyster  shell.  Since  pH  greatly 
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influences  the  elaboration  and  activity  of  enzymes,  it  would  be  surprising  if 
the  biochemical  character  of  the  microfloral  population  did  not  vary  considerably 
depending  upon  changes  in  the  reaction  of  the  culture. 

The  cells  grown  on  gelatin,  peptone,  meat  extract,  and  yeast  extract  were 
characterized  bj^  a  fecal  odor.  This  was  particularly  strong  in  the  aerated  flasks 
and  differed  distinctly  from  the  more  wholesome  volatile  acidic  odor  of  the 
carbohydrate  culture,  despite  the  neutrality  of  the  latter  (Table  I).  The 
suspension  concentrated  twentj'fold  from  the  15-hour  static  protein  culture 
gave  a  higher  density  reading  but  contained  less  cell  nitrogen  than  the  4-hour 
older  aerated  culture  concentrated  only  twofold.  The  0.2  variation  in  final  pH 
of  the  nonaerated  and  shake  cultures  is  not  enough  to  account  for  these  differ¬ 
ences  which  indicate  that  the  two  cell  lots  are  far  from  identical.  A  detailed 
qualitative  comparison  of  the  biochemical  nature  and  especially  of  the  enzymatic 
armamentaria  of  the  two  bacterial  populations  might  be  of  considerable  interest. 
In  general,  the  degree  of  aerobiosis  of  a  culture  affects  the  oxidation-reduction 
potential  which,  like  pH,  influences  both  the  production  and  operation  of  many 
enzymes. 

Table  III 

Oxidative  Ability  of  Oral  Bacteria  Grown  in  Carbohydrate  and  Lipid  Media 


CELLS  GROWN  ON 

Sl’BSTRATE  AND 

CONCENTRATION 

PER  VESSEL 

(MG.) 

CARBOHYDRATES 

> 

o 

OIL 

OLIVE  OIL  AND 

OLEATE 

ml  Oj, 
UPTAKE 

Qo,  (N) 

ML  Og 
UPTAKE 

Qo2  (N)  ^ 

ml  0^ 

UPTAKE 

Qo2  (N) 

I.Actate 

9.1* 

691 

674 

122 

95 

Glucose 

18.0* 

728 

739 

784 

763 

204 

156 

Sucrose 

32.0* 

667 

676 

102 

100 

17 

13 

Corn  starch 

100.0 

59 

60 

44 

43 

15 

12 

Lecithin 

8.0 

482 

486 

741 

722 

110 

85 

Gelatin 

2.0 

615 

622 

724 

706 

503 

390 

Peptone 

2.0 

Beef  extract 

2.0 

Yeast  extract 

2.0 

None  (endogenous 

respiration  control) 

58 

58 

41 

40 

219 

170 

'Equivalent 

to  100.0 

micromoles. 

The  results  with 

the  two  fat  media 

also  indicate  that 

these  cultures  are 

biochemically  different.  The  suspension  of  cells  prepared  after  14  hours  from 

the  olive  oil 

medium 

was  more 

than  twice  as 

dense  but 

of  approximately 

the  same  nitrogen  content  as  the  1  hour  older  olive  oil-oleate  culture  which  was 
only  one-fourth  as  concentrated.  The  olive  oil  medium,  however,  had  become 
acidic  (pH  6.5),  whereas  the  reaction  in  the  presence  of  oleate  increased  (pH 
7.4)  due  to  accumulation  of  sodium.  The  significance  of  this  pH  difference  of 
almost  1  unit  is  not  known.  It  may  be  responsible  to  some  degree  for  the  varia¬ 
tion  between  the  cell  lots,  although  the  olive  oil-oleate  medium  was  generally 
more  nutritious  and  consequently  sustained  more  luxuriant  growth  on  a  cell 
nitrogen  basis.  Of  the  many  factors  which  affect  the  growth  and  enzymatic 
properties  of  microoi^anisms,  composition  of  the  medium  is  among  the  most 
important. 
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The  oxidative  activities  of  oral  microflora  selectively  grown  in  media  of 
different  composition  and  the  influence  of  preaeration  and  freezing  are  presented 
in  Tables  II,  III,  and  IV.  The  values  for  the  endogenous  respiration,  correspond¬ 
ing  to  the  basal  metabolism  of  the  microflora,  indicate  the  amount  of  oxidizable 
reserve  food  material  accumulated  during  growth.  The  fact  that  stored  food 
may  or  may  not  be  respired  simultaneously  with  externally  provided  substrates 
sometimes  causes  difficulty  in  interpreting  respirometric  results.  Warburg  ex¬ 
periments  w'ould  give  clear-cut  data  if  the  endogenous  respiration  were  nil  or 
inappreciable,  since  all  or  practically  all  of  the  oxygen  consumption  would  then 
be  due  to  substrate  oxidation,  but  this  ideal  situation'^  is  seldom  encountered. 
Fortunately,  however,  the  endogenous  respiration  can  usually  be  reduced  by 
preaeration  which  causes  oxidation  of  reserve  food  materials. 


Table  IV 

Comparison  op  Respiratory  Activity  op  Dipperent  Cell  Lots* 


Qoj  (n)  op  cells  GROWN  ON 

1 

PROTEINS 

UNSTARVED  CELLS 
PROM  AERATED 

STARVED,  UN¬ 
FROZEN  CELLS) 

CAR- 

OLIVE 

CULTURE 

STATION- 

substrate 

BOHY- 

DRATES 

OLIVE 

OIL 

OIL  AND 

OLEATE 

FROZEN  1 

UN¬ 

FROZEN 

AERATED 

CULTURE 

ARY 

CULTURE 

Lactate 

591 

674 

95 

214 

274 

270 

Glucose 

739 

763 

156 

165 

203 

423 

320 

Sucrose 

676 

100 

13 

128 

78 

103 

322 

Corn  starch 

60 

43 

12 

76 

-14 

97 

80 

Lecithin 

486 

722 

85 

49 

190 

244 

307 

Protein 

None  (endogenous 

622 

706 

390 

198 

625 

915 

825 

respiration  control) 

58 

40 

170 

217 

296 

82 

53 

•Values  selected  and  retabulated  from  Tables  II  and  III. 
tData  for  the  higher  substrate  concentrations  only. 


This  effect  is  shown  in  Table  II  where  the  autorespiration  Q02  (N)  of 
unfrozen  protein-grown  cells  decreased  almost  sixfold  from  296  to  53  as  a  result 
of  16  hours  preaeration.  Rates  of  respiration  of  lactate,  sucrose,  lecithin,  and 
the  protein  mixture  likewise  diminished,  whereas  the  corresponding  values  for 
glucose  and  corn  starch  increased.  Such  information  may  be  useful  in  deter¬ 
mining  whether  endogenous  respiration  continues  or  abates  during  oxidation  of 
external  substrate  and  also  the  degree  to  which  the  pathways  of  metabolism  of 
the  reserve  food  material  and  external  substrate  may  coincide.  In  addition,  this 
kind  of  information  may  suggest  the  nature  of  the  end  products  formed,  e.g., 
acids,  alcohols,  and  so  on.  While  metabolizing  their  stored  reserve  food,  oral 
bacteria  may  produce  such  substances  (including  chelators)  capable  of  dissolving 
apatite  in  enamel.®  According  to  the  results  in  Tables  I,  II,  and  III,  the  auto¬ 
respiration  of  cells  grown  on  carbohydrates,  Q02  (N)  =  58,  and  olive  oil, 
Qo^  (N)  =  40,  was  of  the  same  magnitude  after  preaeration  for  2'/^  and  4V^ 
hours,  respectively,  as  the  endogenous  respiration,  Q02  (N)  =53,  of  the  16-hour 
preaerated  organisms  harvested  from  the  agitated  protein  medium.  On  the 
other  hand,  the  autorespiration  of  cells  harvested  from  the  olive  oil-oleate 
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medium,  Qo^  (N)  =  170,  was  3  to  4  times  as  great  as  the  corresponding  value 
for  cell  lots  recovered  from  other  aerated  cultures.  Thus,  the  bacteria  grown 
on  olive  oil  and  oleate  appear  to  have  stored  considerable  food  material. 

Aside  from  endogenous  respiration,  Warburg  experiments  are  sometimes 
difficult  to  interpret  due  to  questions  concerning  permeability  of  cell  membranes. 
Although  readily  .soluble  in  water,  certain  substrates  may  not  penetrate  cells 
due  to  surface  obstruction.^®  This  difficulty  can  sometimes  be  overcome  by 
freezing,  where  the  fonnation  of  intracellular  ice  crystals  ruptures  the  bac¬ 
teria.**  After  such  disruption,  contact  between  substrate  molecules  and  intra¬ 
cellular  enzyme  no  longer  depends  upon  permeability  of  the  surface  membrane. 

I  nder  these  circumstances,  the  rate  of  respiration  of  bulky  molecules  may  then 
increase,  as  occurred  with  sucrose  and  com  starch  (Table  II).  However,  a 
drastic  breakdown  of  cellular  structure  may  also  result  in  partial  or  complete 
loss  of  enzyme  activity,  which  may  account  for  the  depressed  Q02  (N)  values 
of  lactate,  glucose,  lecithin,  the  endogenous  respiration,  and  especially  the  com¬ 
bined  protein  formula  (Table  II). 

Increasing  the  concentration  is  another  way  frequently  employed  to  obtain 
greater  rates  of  respiration  for  impermeable  or  relatively  impermeable  sub¬ 
strates.  In  the  ca.se  of  protein-grown  cells  (Table  II),  the  Q02  (N)  data  in¬ 
creased  16,  19,  75,  95,  and  506  per  cent,  respectively,  for  lactate,  glucose,  sucrose, 
lecithin,  and  corn  starch  when  the  higher  concentrations  were  used.  With  the 
richer  protein  formula,  the  Qo^  (N)  value  almost  doubled.  In  these  studies, 
regardless  of  composition  of  the  medium  in  which  the  cells  had  been  grown,  the 
addition  of  glucose  invariably  caused  a  marked  rise  in  the  rate  of  gas  consump¬ 
tion,  whereas  a  much  lesser  effect  w'as  observed  with  corn  starch.  These 
results,  therefore,  differ  somewhat  from  observations  reported  for  other  studies 
with  glucose  and  starch,®-  *  but  those  Warburg  experiments  were  carried  out 
with  saliva,  and  the  concentration  of  substrates  was  not  the  same  as  in  these 
investigations. 

The  influence  of  aeration  during  growth  upon  subsequent  respiratory  ac¬ 
tivity  is  shown  for  starved  cells  in  Table  II.  With  the  exception  of  lecithin  and 
sucro.se,  the  rates  of  both  substrate  and  endogenous  oxidation  were  higher  for 
cells  harvested  from  shake  than  from  static  cultures.  With  glucose,  starch,  the 
protein  mixture,  and  autore.spiration,  the  aerobically  grown  cells  were  more 
active,  as  one  would  expect,  while  the  difference  of  alx)ut  1.5  per  cent  in  the  ca.se 
of  lactate  is  not  significant.  Very  likely  the  Pasteur  reaction*®  is  somehow 
concerned  with  this  alteration  in  oxidative  ability  depending  upon  aerobiosis  of 
the  growth  medium,  but  the  data  are  too  limited  to  allow  serious  speculation  as 
to  why  certain  substrates  (i.e.,  sucrose  and  lecithin)  are  metabolized  more 
rapidly  under  aerobic  Warburg  conditions  by  cells  cultured  anaerobically. 

A  marked  difference  in  the  order  of  substrate  oxidation  is  shown  in  Table 
IV.  Lecithin,  starch,  and  sucrose  were  not  readily  respired  by  certain  cell  lots. 
The  variation  in  general  in  Q02  (N)  values  between  the  olive  oil  and  olive  oil- 
oleate  cells  is  surprising.  The  more  rapid  oxidation  of  lecithin  by  cells 
harvested  from  the  olive  oil  medium  than  by  those  produced  in  the  presence 
of  oleate  is  what  would  ordinarly  be  assumed  since  both  olive  oil  and  lecithin  are 
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glycerol  estei*s.  Lecithin  is  also,  incidentally,  a  phospholipid  which  may  be 
structurally  related  to  the  phospholipid  present  in  the  organic  matrix  of  teeth. 

No  cell  lots  possessed  very  much  amylase  activity  as  indicated  by  the  relative 
inertness  of  corn  starch.  This  t(K)  is  undei'standable  since  none  of  the  growth 
media  contained  insoluble  starch. 

The  fairly  rapid  utilization  of  the  protein  formula  and  of  lactate  by  all  cell 
lots  can  be  accounted  for  on  the  basis  of  the  tricarboxylic  (Krebs’s  citric  acid) 
cycle  which  is  a  major  pathway  for  aerobic  terminal  respiration.^^  Following 
hydrolytic  degradation  of  proteins,  certain  of  the  resulting  amino  acids  become 
i-eadily  deaminated  and  otherwise  transformed  to  intermediates  of  the  Krebs 
cycle.’®  Lactate,  on  the  other  hand,  needs  only  to  be  dehydrogenated  to  form 
l)yruvate  which  can  then  feed  into  the  citric  acid  mechanism.’®  Lactate  was 
included  among  the  substrates  tested  because  of  the  prominence  accorded  this 
particular  anion  by  the  acidogenic  theory  of  dental  caries.®®  It  is  admittedly 
difficult  to  demonstrate  lactic  acid  quantitatively  in  vivo,  but  some  evaluation 
of  the  possible  role  of  lactate  in  dental  caries  may  perhaps  be  obtained  by 
approaching  the  problem  diametrically;  that  is,  by  detennining  whether  this 
acid,  if  produced,  would  persist  or  be  destroyed  in  the  mouth.  The  results 
obtained  in  these  investigations  suggest  that  at  least  under  aerobic  conditions 
any  lactic  acid  manufactured  in  the  mouth  would  probably  not  be  stable  for 
very  long  because  of  its  susceptibility  to  microbiological  attack.  Studies  with 
enzyme  poisons®  indicate  that  aerobic  may  be  more  important  than  anaerobic 
metabolism  in  the  mouth.  With  respect  to  the  acid-decalcification  theory,  in¬ 
formation  on  the  distribution  and  metabolic  activity  of  oral  bacteria  that  destroy 
fermentation  acids  may  provide  a  critical  ba.sis  for  evaluating  this  concept,  and 
supplement  knowledge  about  the  abundance  and  significance  of  acid-producing 
bacteria.” 

DISCUSSION 

These  studies  were  originally  undertaken  to  determine  microbiologic  stability 
in  the  mouth  of  certain  natural-occurring  organic  compounds  with  chelating 
properties.®’  This  interest  derived  from  experimental  observations  suggesting 
that  chelators  (also  known  as  metal-binding,  sequestering,  and  coordination 
complexing  agents)  may  play  a  role  in  the  formation  of  dental  caries.®’  ®®’  ®® 
(Irowth,  per  se,  was  not  considered  sufficiently  sensitive  and  reliable  as  a  criterion 
of  microbiologic  attack  since  some  Protista  readily  oxidize  or  otherwise  transform 
substrates  on  which  they  are  incapable  of  multiplying.  In  addition,  organisms 
that  have  lost  the  ability  to  reproduce  may  still  effectuate  various  enzyme  reac¬ 
tions.  Consequently,  it  was  decided  to  measure  metabolic  activity  divorced  from 
cell  division,  for  which  the  Warburg  technic  was  employed. 

The  investigations  herein  reported  have  attempted  to  apply  some  of  the 
research  methodologies  elucidated  by  the  late  Dr.  Marjory  Stephenson.  Her 
spectrum  of  levels  extending  from  mixed  culture  studies  in  situ  to  in  vitro 
work  with  isolated  and  purified  enzyme  systems  has  been  presented  in  some  detail 
by  Wootls®^  and  more  recently  has  been  adapted  by  Hartles®  to  problems  of  teeth, 
bacteria,  and  the  oral  environment.  According  to  this  view,  the  mouth  may  be 
considered  a  unique  microbiologic  “niche”  in  nature  with  physical,  chemical, 
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and  biologic  properties  distinguishing  it  from  all  other  locales.  But  the  system 
is  unusually  complex  to  study  due  to  the  more  or  less  constant  change  of  many 
of  its  major  factors.  Among  these  variables,  the  dietary  food  intake  of  the 
individual  is  mo.st  important.  The  results  of  the  present  studies  show,  in  terms 
coined  by  Winogradsky,^®  how  zymogenic  microflora  representing  different  bio¬ 
chemical  and  physiologic  groups  most  suited  to  particular  conditions  are  selected 
by  the  available  food  supply  from  among  the  autochthonous  (native  or  in¬ 
digenous)  oral  population.  Thus,  a  rapidly  changing  sequential  development  of 
different  so-called  enrichment  cultures  occurs,  as  first  appreciated  by  Beijerinck.*® 
The  analysis  of  such  a  situation  may  require  a  kind  of  “microbiologic  calculus” 
where  one  variable  would  be  defined  in  terms  of  other  variables.  As  reported 
in  this  paper,  experiments  with  the  Warburg  respirometric  technic  and  with 
mixed  groups  of  oral  microflora  of  different  biochemical  capabilities  may  give 
information  on  population  dynamics  of  the  organisms  in  the  mouth.®^  A  similar 
approach  has  yielded  useful  information  on  certain  aspects  of  soil  microbiology, 
composts,  manures,  sewage,  organic  industrial  wastes,  the  rumen,  silos,  pickling 
vats,  and  other  mixed  populations  elsewhere  in  nature.**  With  respect  to  the  oral 
microflora,  interesting  results  have  already  been  obtained  on  the  occurrence  and 
activity  of  several  distinct  biochemical  groups,  especially  keratinolytic  micro¬ 
organisms  which  degrade  the  enamel  organic  matrix.®’  *® 

SUMMARY 

Although  the  oxygen  uptake  of  saliva  has  been  measured  by  various 
technics,  including  the  Warburg  respirometer,  the  advantages  of  this  particular 
method  have  apparently  not  yet  been  fully  exploited  for  studying  the  interrela¬ 
tionship  between  oral  mieroflora  and  conditions  of  their  environment.  The 
investigations  presented  here  are  concerned  with  the  cultural  properties  and 
enzymatic  behavior  of  different  biochemical  groups  selected  from  among  the 
microorganisms  of  the  mouth.  The  results  obtained  as  a  function  of  differ¬ 
ences  in  composition  of  the  selective  growth  medium,  degree  of  aerobiosis,  pH, 
and  substrate  concentration  may  provide  information  necessary  for  understand¬ 
ing  the  mass  population  changes  which  oral  microflora  constantly  undergo. 
Relatively  little  has  been  done  so  far  on  the  problem  of  dental  caries  with 
this  dynamic  approach,  despite  its  already  established  fruitful  application  to 
many  other  phenomena.  For  these  as  well  as  dental  caries,  the  common  denom¬ 
inator  is  a  microbiologie  milieu  in  which  certain  variables  constantly  change 
with  respect  to  others. 
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LACTIC  ACID  PRODUCTION  IN  SALIVA 

J.  J.  RAE  AND  C.  T.  CLEGG,  Piim.B. 

Chemistry  Department,  University  of  Toronto,  Toronto,  Canada 

ONE  of  the  fundamental  premises  upon  which  many  current  theories  as  to 
the  mechanisms  involved  in  dental  caries  are  based  is  the  production  of 
lactic  acid  by  bacterial  action  on  carbohydrate  food  residues  in  the  mouth, 
which  causes  acid  decalcification  of  the  enamel.^’  ^  Since  the  production  of  acid 
is  usually  accompanied  by  a  drop  in  pH,  measurements  of  pH  have  been  widely 
used  to  determine  acid  production.®  Such  measurements  are  open  to  the  obvious 
difficulties  inherent  in  well-buffered  solutions  and  do  not  indicate  the  amount 
..f  acid  present.  In  an  attempt  to  overcome  these  difficulties  others  have 
measured  lactic  acid  production^  and  have  used  this  as  a  measure  of  caries 
susceptibility.  In  an  attempt  to  assess  the  validity  of  such  methods  the  follow¬ 
ing  experiments  were  performed. 

EXPERIMENTAL 

The  method  used  to  determine  lactic  acid  was  the  one  described  by  Parker 
and  Summerson,®  as  modified  by  R.  L.  Markus.® 

To  see  how  much  lactic  acid  would  be  produced  by  zero-count  (lactobacillus 
index)  salivas,  6  such  salivas  were  incubated  with  buffer  and  1  per  cent  glucose. 
The  mixtures  contained  1  ml.  saliva,  4  ml.  buffer,  and  1  ml.  10  per  cent  glucose 
and  water  to  10  ml.,  and  were  incubated  for  24  hours  at  37°  C.  The  results  arc 
shown  in  Table  I. 


Table  I 

Lactic  Acid  Production  of  Zero-count  (Lactobacillus  Index)  Salivas 


TUBE 

NO. 

LACTIC  ACID 

PRODUCED  AFTER  24  HOURS 
(M(!.  per  cent) 

1 

4.').7 

2 

18.7 

3 

14.3 

4 

16.5 

5 

41.2 

6 

44.2 

When  salivas  with  variable  lactobacillus  counts  were  used,  the  results 
obtained  are  shown  in  Table  II. 

These  few  results  indicate  that  there  is  no  relation  between  the  lactobacillus 
count  of  salivas  and  the  milligram  per  cent  of  lactic  acid  produced  on  incuha- 

This  research  was  assisted  by  a  grant  from  the  Associate  Committee  on  Dental  Re.search. 
National  Research  Council.  Ottawa.  Canada. 

Received  for  publication  Jan.  15,  1965.  Revised  by  authors  Jan.  18,  1956. 


612 


Volume  35  LACTIC  ACID  PRODUCTION  IN  SALIVA  613 

Number  4 


Table  II 

Relation  Between  Lactic  Acid  Production  and  Lactobacillus  Count  op  Salivas 


tube 

NO. 

SALIVARY 

LACTOBACILLUS 

COUNT 

LACTIC  ACID 
(mo.  per  cent) 

1 

21,000 

16.7 

2 

30,000 

61.0 

3 

(50,000 

20.6 

4 

200,000 

19.1 

5 

300,000 

45.0 

tion.  The  fact  that  zero-count  salivas  produced  considerable  and  variable 
amounts  of  lactic  acid  would  indicate  that  lactic  acid  production  cannot  be  used 
as  a  reliable  measurement  of  lactobacillus  concentration.  The  obvious  implica¬ 
tion  of  the  results  with  zero-count  salivas  is  that  there  are  present  in  the  saliva 
acid-producing  bacteria  other  than  lactobacilli. 

The  pH  of  saliva  when  incubated  at  37°  C.  rises  from  pH  7.0  to  8.0  if  no 
glucose  is  added.  If  glucose  is  added  the  pH  drops,  and  even  quite  low  con¬ 
centrations  of  glucose  are  sufficient  to  cause  this  drop.  Wide  variations  in 
glucose  concentrations  above  the  minimum  seem  to  have  little  or  no  effect  on 
the  drop  in  pH  or  on  the  amount  of  lactic  acid  produced.  The  total  volume 
in  each  tube  was  10  ml.,  and  2  ml.  of  saliva  was  used  in  each  case. 


Table  III 

Bei-ation  Between  Glucose  Concentration,  pH,  and  Lactic  Acid  Production 


TUBE 

NO. 

GLUCOSE 

CONC. 

pH 

AFTER  18  HR. 

LACTIC  ACID 
AFTER  18  HR. 
(mg.  per  cent) 

1 

0.0 

8.0 

0.0 

2 

0.1 

4.2 

39.4 

,3 

0..5 

4.6 

31.2 

4 

1.0 

4.5 

31.8 

5 

5.0 

4.6 

40.0 

6 

10.0 

4.5 

31.8 

Effeit  of  Adding  Urea  to 

Table  IV' 

Glucose-Saliva  Mixtures  on 
pH 

Lactic  Acid  Production  and 

saliva 

glucose 

10  PER  CENT 
(ML.) 

UREA 

20  PER  CENT 
(ML.) 

pH 

AT  END 

LACTIC  ACID 
(mo.  per  cent) 

1 

2 

1 

9.0 

None 

2 

2 

1 

9.0 

None 

;; 

2 

2 

.3.5 

10.0 

4 

2 

2 

i 

8.8 

15.0 

5 

2 

2 

1 

8.6 

12.7 

The  optimum  i)H  for  lactic  acid  production  in  the  presence  of  1  per  cent 
glucose  was  found  to  be  6.5. 

When  urea  is  added  to  saliva-glucose  mixtures,  the  pH  does  not  drop, 
probably  due  to  the  fact  that  the  urea  in  the  saliva  produces  ammonia  which 
neutralizes  the  acid  formed.  Strangely  enough,  the  lactic  acid  production  seems 
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to  be  stimulated  somewhat  by  the  addition  of  urea.  Possibly,  the  ammonia 
produced  keeps  the  pH  near  the  optimum  for  lactic  acid  production  (6.5)  for  a 
longer  time  and  thus  more  lactic  acid  is  produced. 


SUMMARY 

Lactic  acid  production  in  saliva  seems  to  be  a  poor  criterion  for  lacto- 
bacillus  concentration  since  zero-count  salivas  produce  considerable  amounts 
of  lactic  acid,  and  in  the  few  cases  studied  there  is  no  apparent  relation  between 
lactobacillus  count  and  lactic  acid  production. 

Quite  low  concentrations  of  glucose  (0.1  per  cent)  are  sufficient  for  lactic 
acid  production.  The  optimum  pH  for  lactic  acid  production  is  6.5.  The  addi¬ 
tion  of  urea  to  saliva-glucose  mixtures,  even  though  it  keeps  the  pH  of  the 
incubation  mixture  above  7.0,  does  not  inhibit  lactic  acid  production  and  in 
this  experiment  even  enhanced  somewhat  the  lactic  acid  production. 
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DECREASED  ACTIVITY  OF  DENTAL  CARIES  IN  DESALIVATED 

ALBINO  RATS 

JOSEPH  C.  MUHLEB  AND  DAVID  BIXLER 
Indiana  University,  Bloomington,  Ind. 

Most  workers  agree  that  the  removal  of  the  major  salivary  glands  results 
in  a  pronounced  increase  in  the  dental  caries  experience  in  the  albino 
rat.^'^  However,  until  Hoppert,  Webber,  and  Canniff*  introduced  the  coarse 
corn  diet,  the  albino  rat  was  considered,  for  all  practical  purposes,  caries  re¬ 
sistant.  It  has  been  the  experience  in  these  laboratories  that  a  high  and  re¬ 
producible  incidence  of  dental  caries  could  not  uniformly  be  produced,  even 
under  critical  control  of  such  conditions  as  the  source  of  their  diet,®  their 
housing  conditions,  the  age  of  the  animal  when  placed  on  the  cariogenic  diet^ 
and  the  type  of  experimental  diet  furnished  the  pregnant  animals,  young 
pups,  and  the  experimental  animals  throughout  the  course  of  the  test  period. 
Furthermore,  the  reason  for  the  normally  decreased  incidence  of  dental  caries 
in  the  maxillary  arch  as  compared  to  the  mandibular  teeth  of  both  unoperated 
and  desalivated  rats,  was  considered  to  be  of  importance  in  the  understanding 
of  the  mechanism  of  dental  caries  initiation  in  the  albino  rat. 

Since  previous  workers  have  studied  the  mechanical  factors  believed 
necessary  for  the  production  of  dental  caries  in  both  the  albino  rat®’  ®  and 
the  cotton  rat,*®  it  was  considered  of  interest  to  determine  if  the  removal  of 
the  major  salivary  glands  in  the  albino  rat  would  result  in  the  same  dental 
caries  experience  in  the  mandibular  molars  in  the  absence  of  the  maxillary 
teeth  in  comparison  to  similar  animals  with  the  maxillary  teeth  present. 
These  studies  were  considered  important  to  determine  the  relative  action  of 
the  mechanical  factors  and  of  the  effect  of  the  absence  of  saliva  on  experi¬ 
mental  dental  caries  production  in  the  albino  rat,  in  order  that  subsequent 
studies  might  be  directed  toward  the  uniform  and  reproducible  production 
of  dental  caries  in  both  the  maxillary  and  mandibular  arches.  Furthermore, 
since  experimental  dental  caries  studies  are  so  useful  for  a  variety  of  dental 
investigations,  it  would  be  a  welcome  adjunct  if  methods  could  be  devised  to 
produce  a  high  and  reproducible  caries  incidence  in  the  albino  rat  in  both 
arches  in  a  shorter  time  interval  than  is  now  required. 

EXPERIMENTAL 

Approximately  100  female  weanling  rats  of  the  Sprague-Dawley  strain 
were  divided  into  four  different  experimental  groups  according  to  initial 
body  weight.  One  group  was  desalivated  according  to  a  technic  previously 
described,*  another  was  desalivated  and,  at  the  same  time  had  all  their 
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maxillary  molars  removed  with  the  aid  of  a  No.  701  long  shank  diamond  in¬ 
strument.  The  entire  clinical  crown  and  root  tissue  about  1  to  2  mm.  below 
the  gingival  mucosa  was  removed.  Since  the  third  molars  were  not  com¬ 
pletely  erupted  at  this  age,  particular  care  had  to  be  exercised  to  go  deeply 
enough  into  the  gingiva  in  this  area  to  remove  the  greater  portion  of  the 
crown  of  this  tooth.  Upon  gross  examination  of  the  molars  at  the  termination 
of  the  experiment,  it  was  found  that  all  of  the  first  and  second  molars  were 
removed  in  every  animal,  but  that  the  clinical  crown  of  the  third  molars  was 
present  to  some  degree  in  about  10  per  cent  of  the  animals.  A  third  group 
had  only  their  maxillary  molars  removed,  and  a  fourth  group  having  neither 
salivary  glands  nor  molars  removed  served  as  controls. 

The  animals  in  each  of  the  groups  were  started  on  the  experiment  at  30 
days  of  age.  The  duration  of  the  experiment  was  100  days,  after  which  the 
animals  were  sacrificed  by  ether  inhalation  and  the  heads  removed  for  dental 
caries  evaluation  by  methods  previously  described.^^  All  of  the  animals  re¬ 
ceived  the  same  stock  corn  cariogenic  diet*  (F  =  0.5  /ng/Gm.)  and  redistilled 
water  (F  =  0.05  /u,g/ml.),  ad  libitum.  The  animals  were  housed  in  pairs  in 
raised  screen  cages  in  an  air-conditioned  room. 

DATA  AND  DISCUSSION 

The  effect  on  the  dental  caries  experience  of  the  removal  of  the  major 
salivary  glands  in  albino  rats  which  have  their  maxillary  molars  removed  is 
seen  in  Table  I,  along  with  the  data  from  the  other  three  groups.  The  pro¬ 
nounced  increase  in  the  incidence  of  dental  caries  in  the  desalivated  rats  with 
maxillary  molars  confirms  much  previous  work,  and  is  in  keeping  with  the 
concept  that  the  saliva  confers  a  certain  degree  of  dental  caries  protection  it¬ 
self,  since  in  its  absence  dental  caries  is  more  rampant.  Similarly,  it  is  not 
unexpected  to  note  that  when  the  maxillary  molars  were  removed  the  albino 

Table  I 

Dentai.  Caries  Experience  (in  the  MANDiBUiiAR  Teeth  Only)  of  Albino  Rats  Receiving 
A  Stock  Corn  Carkxjenic  Diet  Aiter  Desalivation  and  in  the  Presence  or 
Absence  of  Their  Maxiliary  Moiars 


DENTAL  C\RIES  INCIDENC’E 

GROri*  i 

number 

OF 

ANIMALS 

WEIGHT 

GAIN 

(GM.) 

NUMBER  1 
OF 

LESIONS 

M.A.  1 

E. 

Desalivate 

(molars  present) 

20 

113 

9.4 

5.2 

2.5 

Desalivate 

(molars  removed) 

18 

113 

l.l 

0.9 

1.1 

Control 

(molars  present) 

19 

130 

4.8 

3.3 

1.8 

Control 

(molars  removed) 

21 

1.35 

0.1 

_ 

_ 

'Composition  of  the 

diet  used  in 

this  experiment 

was  as  follows : 

ground 

whole  yello^y 

corn,  12.8  per  cent:  corn  grits,  51.2  per  cent:  powdered  whole  milk,  30  per  cent;  alfalfa  meal, 
4.8  per  cent;  irradiated  yeast,  0.2  per  cent;  and  sodium  chloride.  1.0  per  cent.  The  particle¬ 
sized  distribution  of  the  total  corn  components  was:  12.4  per  cent  retained  on  a  lO-mesh, 
screen,  16.4  per  cent  on  a  14-mesh,  50.2  per  cent  on  a  20-mesh,  15.4  per  cent  on  a  28-me8h. 
and  5.6  per  cent  passed  a  28-mesh  screen. 
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rats  had  a  very  low  dental  caries  experience  even  though  they  received  a  corn 
diet  known  to  induce  a  moderate  caries  experience.  However,  Shaw^^  has  re¬ 
ported  that  albino  rats  maintained  on  a  carbohydrate-free  ration  do  not  de¬ 
velop  dental  caries  even  when  desalivated.  It  would  appear  from  these  data, 
that  this  would  indicate  quite  conclusively  that  the  maxillary  molars  are 
necessary  for  caries  development  in  the  albino  rat  regardless  of  the  presence 
or  absence  of  saliva,  this  concept  differing  from  the  impression  of  Van 
Huysen.”  The  lack  of  a  pronounced  effect  on  the  dental  caries  experience 
in  albino  rats,  with  their  maxillary  molars  removed,  weakens  somewhat  the 
impression  that  the  salivary  gland  is  of  primary  importance  in  inducing  dental 
caries  in  this  rodent.  It  appears  that  in  order  to  develop  dental  caries  under 
these  conditions  one  needs  to  have  an  agent  that  will  induce  the  primary  or 
incipient  lesion.  If  this  factor  is  present,  then  in  the  presence  or  absence  of  a 
normal  salivary  gland  function,  dental  caries  will  develop,  but  in  the  absence 
of  the  salivary  glands,  dental  caries  will  develop  at  a  faster  rate.  These 
factors  give  one  the  impression  that  the  saliva  may  be  of  more  importance 
in  the  extension  of  the  lesion  than  in  its  primarj"  development,  and  if  factors 
are  to  be  found  which  will  subsequently  induce  the  same  degree  of  dental 
caries  in  the  maxillary  teeth  as  in  the  mandibular  arch,  one  must  seek  agents 
that  will  physically  impact  themselves  in  the  maxillary  fissures  or  adhere  to 
the  teeth  for  prolonged  periods  of  time  in  order  to  induce  the  incipient  lesions. 
The  animals  in  which  the  salivary  glands  were  removed,  in  addition  to  the 
maxillary  molars,  had  large  amounts  of  debris  resembling  materia  alba 
present  on  every  surface  of  the  teeth.  It  was  noticeably  absent  in  all  other 
groups,  suggesting  that  it  is  related  to  the  absence  of  both  the  normal 
cleansing  function  of  saliva  and  the  lack  of  function  that  would  be  furnished 
if  the  maxillary  molars  were  present.  Even  though  this  debris  was  at  times 
so  exten.sive  as  to  cover  an  entire  tooth  completely,  no  dental  caries  developed. 
The  significance  of  this  is  not  understood. 

Close  examination  of  the  animals  without  maxillary  molars  gave  the 
impression  that  all  the  mandibular  molars  were  tipped  anteriorly.  There 
may  be  a  relationship  not  only  to  the  size  of  the  fissure  but  to  their  relation¬ 
ship  to  each  other  in  the  respective  dental  arches  and  caries  resistance  or 
susceptibility.  If  mechanical  factors  are  primarily  re.sponsible  for  the  de¬ 
velopment  of  dental  caries  in  the  albino  rat,  a  difference  in  the  size  of  th<‘ 
fissure  and  position  of  the  maxillary  teeth  might  predispose  to  caries  re¬ 
sistance  or  susceptibility. 

In  order  to  specifically  study  the  effect  of  the  differences  in  diet  on  dental 
caries  development  in  the  albino  rat,  another  study  was  designed  in  which  a 
high  sucrose  diet*  was  used  in  place  of  the  corn  diet.  In  this  experiment  one 
group  of  animals  was  desalivated,  while  the  second  group  was  unopei  ated  and 
served  as  controls.  None  of  these  animals  had  their  molars  removed  and  all 
received  the  same  diet  for  100  days.  To  further  reduce  the  variable  effect  of 

•The  composition  of  this  diet  was;  sucrose.  55  per  cent;  vitamin  free  casein,  30  per 
cent;  inorganic  salts,  4  per  cent;  vitamin  mixture,  I  per  cent;  and  Wesson  oii,  10  per  cent, 
plus  15  drops  of  percomorph  oil  per  kilogram  of  diet. 
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the  diet  itself,  all  of  the  animals  in  this  experiment  were  pair-fed  by  accu¬ 
rately  determining  the  amount  of  food  eaten  by  a  desalivated  animal  and 
then  providing  its  paired  control  the  same  amount  of  food.  If  either  of  the 
paired  mates  failed  to  eat  the  entire  amount  provided  during  a  24-hour 
period,  the  diet  remaining  was  subtracted  from  the  day’s  total  allowance  and 
one  gram  less  was  provided  for  the  following  day.  By  increasing  the  amount 
of  diet  by  one  gram  every  time  the  desalivated  animal  consumed  the  entire 
amount,  an  increased  food  consumption  with  increasing  body  weight  of  the 
animal  was  maintained. 

Table  II 

Comparison  op  Dental  Caries  Expfjiience  Between  Desalivated  Albino  Rats  Receiving 
A  High  Sucrose  Diet  and  an  Unoperated  Control  Group  Receiving  the 

Same  Diet 


GROUP  1 

NUMBER  or 

ANIMALS 

FOOD  CON-  1 
SUMPTION 
(OM.  PER  DAY) 1 

1  DENTAL  CARIES  EXPERIENCE 

NUMBER  OF 
LESIONS 

M.A. 

I 

Desalivated 

25 

16.4 

2.9 

2.7 

(1.7) 

(2.4)* 

(2.3) 

(1.4) 

Control 

25 

le.-i 

— 

— 

— 

*The  numbers  in  parentheses  refer  to  the  dental  caries  experience  when  only  the 
mandibular  teeth  were  used  for  comparison.  Note  that  the  small  difference  is  indicative  of 
little  caries  in  the  maxillary  teeth. 


The  result  of  this  study  is  shown  in  Table  II,  and  indicates  that  desaliva¬ 
tion  does  not  produce  as  destructive  a  type  of  dental  caries,  even  though  the 
maxillary  molars  are  present,  when  the  animals  receive  a  high  sucrose  diet 
under  pair-fed  feeding  conditions.  These  data,  like  those  in  Table  I,  would 
seem  to  indicate  that  desalivation  alone  is  not  sufficient  to  initiate  and  to 
cause  extension  of  the  carious  process  in  the  albino  rat  in  the  absence  of 
initiating  factors. 

SUMMARY 

The  removal  of  all  maxillary  molars  prevented  the  development  of  dental 
caries  in  the  mandibular  teeth  of  albino  rats  receiving  a  eariogenic  stock  corn 
diet,  thus  indicating  the  importance  of  the  complete  dentition  for  dental 
caries  initiation  and  progression.  The  removal  of  the  major  salivary  glands 
did  not  significantly  increase  the  dental  caries  experience  in  the  absence  of 
the  maxillary  molars  even  though  the  rats  received  a  eariogenic  diet.  In  de¬ 
salivated  rats  which  have  their  maxillary  molars  present  but  which  are  re¬ 
ceiving  a  high  sucrose  diet,  only  a  small  degree  of  dental  caries  results.  These 
findings  suggest  that  desalivation  per  se  has  little  influence  on  the  development 
of  dental  caries  in  the  albino  rat  in  the  absence  of  initiating  factors. 

The  authors  wish  to  acknowledge  the  constructive  criticisms  of  Drs.  Hoppert  and 
Hunt  of  Michigan  State  University  and  their  colleagues  during  the  preparation  of  this 
manuscript. 
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A  COMPARISON  Bf:TWEEN  THE  WIDTHS  OP  THE  FISSURES  OP 
THE  LOWER  MOLARS  OF  CARIES-RESISTANT  AND  CARIES- 
SUSCEPTIBLE  ALBINO  RATS  (RATTUS  NORVEGICUS) 

PAUL  E.  KIFER,  H.  B.  HUNT,  C.  A.  HOPPERT,  AND  C.  J.  WITKOP 

Definrtments  of  Zoology  and  Chemistry,  Michigan  State  University,  East  Lansing,  Mich.,  and 
the  National  Institutes  of  Health,  Bethesda,  Md. 

The  importance  of  heredity  in  the  development  of  dental  caries  has  been 
demonstrated  by  Hunt  and  Hoppert/'®  In  addition,  Hunt,  Hoppert,  and 
their  associates  have  shown  that  the  use  of  the  teeth, the  coarseness  of  the 
rice  particles  in  the  diet,®*  ®  and  afje®  are  also  contributing  factors.  Sex’®  is 
not  a  significant  factor.  Growth  rates  are  not  significantly  different  until  the 
age  of  44  weeks.’®  Both  male  and  female  susceptible  rats  have  significantly 
lower  hair  densities  than  the  resistants.’®  Deviation  from  the  Hoppert  diet  does 
not  significantly  affect  the  manifestation  of  hereditarj'  differences  between  the 
two  strains  of  rats.’*  Fracturing  is  not  an  important  factor  in  the  causation 
of  caries  in  these  rats.’® 

Hoppert,  Webber,  and  Canniff,’  after  studying  the  factor  of  particle  size, 
reported  that  lodgment  of  food  particles  in  the  crevices  of  the  teeth  appears 
necessary  for  the  production  of  dental  caries.  Other  investigators®  have  sug¬ 
gested  similar  relationships  between  tooth  shape  and  caries. 

Recently,  Rosen  and  his  associates  have  undertaken  an  intensive  investiga¬ 
tion  of  the  serum  proteins,  the  properties  of  the  saliva,  and  the  oral  flora  of  the 
Hunt-Hoppert  caries-susceptible  and  caries-resistant  strains  of  rats.  Lacto¬ 
bacilli  are  found  more  consistently  in  the  mouths  of  the  susceptible  than  of 
the  resistant  rats,’®  though  these  may  not  be  the  only  organisms  that  are 
associated  with  dental  caries.’®  Significant  differences  between  caries-susceptible 
and  caries-resistant  rats  have  not  been  found  regarding  serum  proteins  and 
certain  properties  of  the  saliva.’® 

The  lower  molar  teeth  of  a  rat  are  characterized  by  deep,  narrow,  trans¬ 
verse  fissures  in  which  food  may  become  impacted.  It  seems  probable  that  the 
lodgment  of  food  in  such  a  depression  facilitates  the  carious  process.  Differ¬ 
ences  in  the  widths  of  fissures  might  therefore  contribute  to  differences  in 
resistance  to  caries.  The  object  of  this  investigation  was  to  determine  whether 
the  fissures  of  the  susceptible  rats  differ  significantly  in  width  from  the  fissures 
of  resistants. 

PROCEDURE 

Resistant  animals  used  in  this  experiment  were  produced  from  matings  of 
nineteenth  generation  resistant  adults  from  Hunt’s  and  Hoppert ’s  experiments. 

*  This  investigation  was  supported  by  a  research  grant  from  the  National  Institute  for 
Dental  Research,  of  the  National  Institutes  of  Health.  United  States  Public  Health  Service. 
Received  for  publication  Feb.  23,  1955. 
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Susceptible  animals  used  were  from  matings  of  twenty-third  generation  sus¬ 
ceptible  adults.  The  animals  were  fed  the  H.W.C.^  cariogenic  diet  except  that 
2  to  3,  instead  of  70  per  cent  of  the  ground  rice  wa.s  retained  on  a  20-mesh 
screen.  The  young  rats  were  killed  at  40  days  of  age.  The  mandibles  were 
removed,  numbered,  dried,  cleaned,  and  the  excess  of  jawbone  was  trimmed  off. 
The  remaining  roughly  rectangular  pieces  of  bone,  containing  the  3  lower 
molars,  were  imbedded  in  dental  stone,  using  the  general  method  of  Cox  and 
Dixon.®  Initial  grinding  was  done  on  a  machine  designed  by  Cox  for  that 
purpose.*  Final  grinding  was  done  by  hand. 


Right  Left 


Fig.  1. — Diagram  of  the  lower  molars  of  the  albino  rat  (slightly  separated  for  clarity). 
.4.  B,  and  C  are  the  Assures  measured.  The  approximate  plane  of  measurement  is  designated 
by  P. 

a/ 


■V  ^  I— 

Posterior  /Anterior 

Fig.  2. — Side  view  of  section  of  the  second  lower  molar.  The  Assure  width  is  the  distance 
between  point  x  and  line  a  along  a  line  perpendicular  to  a  (dotted  line). 

When  the  molars  had  been  ground  to  the  desired  level  (Pig.  1),  they  were 
examined  under  a  low-power  microscope.  Each  of  the  3  main  fissures  (A,  B,  C, 
Fig.  1)  was  measured,  using  an  ocular  micrometer  (Fig.  2).  The  fissure  width 
was  taken  as  the  distance  from  the  posterior  lip  of  the  fissure  (x)  to  the  line  a, 
along  a  line  perpendicular  to  a.  Fissures  are  further  identified  as  being  in  a 
lower  left  molar  or  a  lower  right  molar.  Fissures  A  and  B  are  in  the  first  lower 
molar,  C  is  in  the  second  lower  molar. 

OB.SERVATIONS 

Both  groups  of  rats  (susceptibles  and  resistants)  contained  24  females  and 
16  males  at  the  beginning  of  the  investigation.  Some  fissures  in  the  susceptible 

•We  wish  to  thank  Dr.  G.  J.  Cox  of  the  University  of  Pittsburgh  for  the  use  of  his 
grinding  machine  and  for  his  very  generous  instruction  in  the  technic  of  grinding  our  speci¬ 
mens. 
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group  were  damaged  by  caries  and  secondary  fracturing  following  the  carious 
process.  Since  these  fissures  could  not  be  accurately  measured,  they  were  not 
included  in  the  study.  The  numbers  of  susceptible  specimens  used  were  as 
follows : 

Left  Molars  Bight  Molars 

Fissure  A  20  females  —  14  males  19  females  —  14  males 

Fissure  B  20  females  -  14  males  18  females  -  13  males 

Fi.ssure  C  14  females  -  9  males  14  females  —  10  males 

In  the  resistant  group  the  fissures  of  all  the  original  24  females  and  16 
males  were  measured. 

Factors  which  might,  conceivably,  affect,  or  be  correlated  with,  the  widths 
of  the  fissures  in  the  lower  molars  are:  degree  of  resistance  to  dental  caries, 
sex,  and  the  side  (right  or  left)  on  which  the  tooth  is  located. 

Any  statistical  effect  of  fissure  width  due  to  sex  and  the  side  on  which  the 
tooth  is  located  can  be  eliminated  by  comparing  the  widths  of  fissure  A  in  the 
left  side  of  susceptible  and  resistant  males,  the  widths  of  fissure  A  in  the  left 
side  of  susceptible  and  resistant  females,  etc.,  as  in  Table  I.  This  procedure 
eliminates  from  the  comparison  between  resistants  and  susceptibles  the  factors 
of  sex  and  side  of  the  mouth,  but  it  greatly  reduces  the  numbers  of  animals  used 
in  any  one  compai-ison.  Consequently  if  differences  exist  they  would  not  be 
statistically  as  significant  as  when  corresponding  fissures  are  compared  without 
regard  to  sex  or  jaw'. 

The  widths  of  fissures  in  all  the  tables  (exce])t  where  otherwi.se  stated)  are 
expressed  in  ocular  micrometer  units.  One  ocular  micrometer  unit  was  equiva¬ 
lent  to  0.195  mm. 

All  the  differences  in  Table  I,  except  for  fissure  A  on  the  right  jaw'  among 
females,  have  “t”  values  above  2.0,  so  that  they  are  statistically  significant. 
Therefore,  on  the  average  and  in  general,  the  fissures  in  susceptible  animals 
at  the  level  at  which  the  sections  were  made  are  wider  than  the  corresponding 
fissures  of  resistant  rats. 

Table  II  presents  a  comparison  between  susceptible  males  and  females  for 
the  same  fissure,  and  between  resistant  males  and  females  for  the  same  fissure. 
Sometimes  the  females  have  the  wider  fissure,  in  other  ca.ses  the  males.  The 
differences  are  not  statistically  significant  except  in  the  case  of  fissure  B  in 
susceptibles,  in  which  the  females  appear  to  have  significantly  wider  fissures 
than  males. 

Since  sex  is,  at  most,  of  slight  importance,  the  data  for  males  and  females 
can  be  combined.  This  has  been  done  in  Table  III.  The  mean  width  of  fissure 
A  on  the  left  jaw  of  all  the  susceptibles  (males  and  females)  is  compared  with 
the  mean  for  A  on  the  left  side  of  all  resi.stants.  The  same  comparison  is  made 
for  all  the  fissures  on  the  left  and  right  jaws.  In  all  6  comparisons  the  mean 
fissure  width  in  the  susceptibles  is  larger  than  the  corresponding  mean  fissure 
width  in  resistants.  The  difference  is  statistically  significant  in  every  case. 
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Table  I 

Comparison  Between  Fissure  Widths  of  Susceptibles  and  Resistants 


FISSURE  1 

STRAIN  AND  SEX 

1  A\'ERAGE  WIDTH*  | 

DIFFERENCE  | 

1  “t”  VALUE 

Left  Molars 

A 

Susceptible  males 
Resistant  males 

.70  ±  .06 
.54  ±  .04 

.16  ±  .07 

2.3 

Susceptible  females 
Resistant  females 

.60  ±  .03 
.47  ±  .02 

.13  ±  .04 

3.3 

B 

Susceptible  males 
Resistant  males 

1.22  ±  .04 

1.00  ±  .04 

.22  ±  .06 

3.7 

Susceptible  females 
Resistant  females 

1.36  ±  .05 

1.05  ±  .03 

.31  ±  .06 

5.2 

C 

Susceptible  males 
Resistant  males 

1.37  ±  .06 
l.OS  ±  .03 

.29  ±  .07 

4.1 

Susceptible  females 
Resistant  females 

1.48  ±  .07 

1.07  ±  .03 

.41  ±  .08 

5.1 

Eight  Molars 

A 

Susceptible  males 
Resistant  males 

.62  ±  .05 
.46  ±  .04 

.16  ±  .06 

2.7 

Susceptible  females 
Resistant  females 

.63  ±  .07 
.50  ±  .03 

.13  ±  .08 

1.6 

B 

Susceptible  males 
Resistant  males 

1.22  ±  .05 

1.06  ±  .03 

.16  ±  .06 

2.7 

Susceptible  females 
Resistant  females 

1.37  ±  .04 

1.11  ±  .03 

.26  ±  .05 

5.2 

C 

Susceptible  males 
Resistant  males 

1.48  ±  .05 

1.03  ±  .03 

.45  ±  .06 

7.5 

Susceptible  females 
Resistant  females 

1.37  ±  .05 

1.07  ±  .03 

.30  ±  .06 

5.0 

•In  ocular  micrometer  units.  One  unit  =  0.195  mm. 


Tlie  incidence  of  carious  cavities  is  hijther  in  the  ripjht  lower  molars  than 
in  the  left  in  both  the  susceptible  and  resistant  lines, but  there  are  no  cor¬ 
responding  differences  in  the  widths  of  right  and  left  fissures  (Table  IV). 
The  widths  of  fissure  A  on  the  left  and  right  sides  of  susceptible  males  are 
compared;  the  widths  of  fissure  A  on  the  left  and  right  sides  of  susceptible 
females  are  compared,  and  so  on  for  all  the  fissures  in  susceptible  and  resistant 
animals.  All  the  differences  are  small;  sometimes  the  left  fissure  is  the  wider 
and  sometimes  the  right,  and  none  of  the  differences  are  statistically  significant 
as  judged  by  the  ‘‘t”  value. 

Since  the  differences  between  the  widths  of  corresponding  fissures  on  the 
right  and  left  sides  are  of  no  significance,  one  can  combine  the  data  for  the 
2  sides  and  again  compare  the  mean  width  of  each  fissure  in  males  and  females. 
Five  of  the  6  differences  are  not  significant  statistically.  But  the  mean  value 
for  the  width  of  fissure  B  in  susceptible  females  excekls  the  mean  width  in 
susceptible  males  by  .15  ±  .05  units,  so  that  the  “t”  value  was  3. 

Pig.  3  summarizes  the  comparison  between  fissure  widths  in  the  susceptible 
and  resistant  rats.  For  e.xample,  the  widths  of  all  the  A  fissures  in  suseeiitible 


L 


fiO-l.  KIFER,  HUNT,  HOPPERT,  AND  WTTKOP  J.  D  R*. 

’  ’  August,  1956 


Table  II 

C!ompakisox  Hetweex  Fissure  Widths  ix  Males  axd  Females 


fissure  I 

STRAIN  AND  SEX 

1  AVERAGE  WIDTH*  | 

DIFFERENCE  | 

“t”  VALUE 

A 

Susceptible  males 
Susceptible  females 

Left  Molars 

.70  ±  .06 
.60  ±  .03 

+  .10  ±  .07 

1.4 

B 

Susceptible  males 
Susceptible  females 

1.22  ±  .04 

1.36  ±  .05 

-  .14  ±  .06 

2.3 

C 

Susceptible  males 
Susceptible  females 

1.37  ±  .06 

1.48  ±  .07 

-  .11  ±  .09 

1.2 

A 

Resistant  males 
Resistant  females 

.54  ±  .04 
.47  ±  .02 

+  .07  ±  .04 

1.7 

B 

Resistant  males 
Resistant  females 

1.00  ±  .04 

1.05  ±  .03 

-  .05  ±  .05 

1.0 

C 

Resistant  males 
Resistant  females 

1.0.8  ±  .03 

1.07  ±  .03 

+  .01  ±  .04 

.25 

A 

Susceptible  males 
Susceptible  females 

Bight  Molars 

.62  ±  .05 
.63  ±  .07 

-  .01  ±  .09 

.11 

B 

Susceptible  males 
Susceptible  females 

1.22  ±  .05 

1.37  ±  .04 

—  .15  ±  .06 

2.5 

C 

Susceptible  males 
Susceptible  females 

1.48  ±  .05 

1.37  ±  .05 

+  .11  ±  .07 

1.6 

A 

Resistant  males 
Resistant  females 

.46  ±  .04 
.50  ±  .03 

-  .04  ±  .05 

.8 

B 

Resistant  males 
Resistant  females 

1.06  ±  .03 

1.11  ±  .03 

-  .05  ±  .04 

1.25 

C 

Resistant  males 
Resistant  females 

1.03  ±  .03 

1.07  ±  .03 

-  .04  ±  .04 

1.0 

♦In  ocular 

micrometer  units.  One 

unit  =  0.195  mm. 

Table  III 

Comparison  Between  Fissure  Widths  of  Susceptibles  and  Resistants 


FISSURE  1 

STRAIN 

1  AVERAGE  WIDTH 

1  DIFFERENCE  | 

“t”  VALUE 

Left  Molars 

A 

Susceptible 

Resistant 

.64  ±  .03 
.49  ±  .02 

+  .15  ±  .04 

3.8 

B 

Susceptible 

Resistant 

1.33  ±  .04 

1.03  ±  .02 

+  .30  ±  .04 

7.5 

C 

Susceptible 

Resistant 

1.42  ±  .05 

1.07  ±  .02 

+  .35  ±  .05 

7.0 

Bight  Molars 

A 

Susceptible 

Resistant 

.62  ±  .04 
.48  ±  .02 

+  .14  ±  .04 

3.5 

B 

Susceptible 

Resistant 

1.33  ±  .04 

1.09  ±  .02 

+  .24  ±  .04 

6.0 

C 

Susceptible 

Resistant 

1.42  ±  .04 

1.05  ±  .02 

+  .37  ±  .04 

9.3 
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rats  (in  males  and  females,  on  the  ri^ht  side  and  on  the  left)  have  been 
combined  in  plotting  the  dotted  line  for  “fissure  A.”  The  same  comb. nation 
of  data  has  been  made  in  each  of  the  remaining  5  curves.  This  procedure  is 
legitimate  for  comparative  purposes  because  it  has  been  shown  that  sex  and  the 
side  of  the  jaw  on  which  the  molar  tooth  occurs  are  of  little  importance  in 
determining  the  widths  of  the  fissures.  It  has  been  mentioned  that  the  width 
of  fissure  B  is  probably,  on  the  average,  significantly  wider  in  su.seeptible 
females  than  in  susceptible  males.  This  appears  to  be  characteristic  of  the 
caries-susceptible  rats,  and  therefore  enters  legitimately  into  the  comparison 


29  .39  .49  .59  .69  .79  .89  .99  1.09  1.19  1.29  139  1.49  1.59  1.69  1.79  1.89  1.99 

Ocular  Micrometer  Units 

Fig.  3. — Percentage  Oi.stribution  of  fls.sure  \vidth.s. 


between  susceptibles  and  resistants.  The  greater  average  width  of  fissure  B  in 
susceptibles,  as  comitared  with  resistants,  is  not  due  to  a  larger  proimrtion  of 
females  in  the  susceptible  sample,  because  58  per  cent  of  this  sample  consisted 
of  females,  and  60  per  cent  of  the  resi.stant  sample  used  for  fissure  B  were 
females. 

Fig.  3  convincingly  confirms  the  view  that,  on  the  average,  the  fissures 
measured  in  the  lower  molars  of  our  inbred  caries-susceptible  rats  are  wider 
than  the  corresponding  fissures  in  the  inbred  resistants.  Measurements  were 
made  on  the  fissures  in  the  lower  molars  of  a  few  rats  used  in  Nakfoor,  Hunt, 
and  HoppertV®  investigation,  and  the  same  fact  was  observed.  Hoppert,  who 
examines  all  of  our  living  rats  to  identify  carious  cavities,  has  frequently 
remarked  that  susceptible  teeth  appear  to  have  wider  fissures  than  the  resistants. 
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It  is  equally  clear  that  the  difference  in  fissure  width  is  not  the  only  cause 
of  the  difference  in  susceptibility  to  dental  caries  shown  by  the  2  strains,  for 
the  curves  overlap  extensively.  Many  susceptible  animals  have  fissures  as 
narrow  as  the  resistants. 


Tabi.e  IV 


Comparison  Between  Fissure 

Widths  ok  the  Right 

AND  Left  Sides 

FISSURE 

1  STRAIN,  SEX,  AND  MANDIBLE 

1  average  width  I 

difference  |“1 

t”  VALUE 

A 

Susceptible  males,  left 
Susceptible  males,  right 

.70  ±  .00 
.0::  ±  .0.-) 

+  .08  ±  .08 

1.0 

A 

Susceptible  females,  left 
Susceptible  female.s,  right 

.(iO  ±  .O.'l 
.().'!  ±  .07 

-  .05  ±  .08 

.4 

B 

Susceptible  males,  left 
Susceptible  males,  right 

l.lil’  ±  .04 

1.-J2  ±  .05 

0  ±  .00 

.0 

B 

Susceptible  females,  left 
Susceptible  females,  right 

t.:{0  ±  .05 

1.57  ±  .04 

-  .01  ±  .(hi 

2 

C 

Su.9ceptible  males,  left 
Susceptible  males,  right 

+1  +1 

-  .11  ±  .08 

1.4 

C 

Susceptible  females,  left 
Susceptible  females,  right 

t.4S  ±  .07 

1.57  ±  .05 

+  .11  ±  .00 

1.2 

A 

Resistant  males,  left 
Resistant  males,  right 

.54  ±  .04 
.4(5  ±  .04 

+  .08  ±  .00 

1.5 

A 

Resistant  females,  left 
Resistant  females,  right 

.47  ±  .0:2 
.50  ±  .05 

-  .05  ±  .04 

.8 

B 

Resistant  males,  left 
Resistant  males,  right 

1.00  ±  .04 

1.00  ±  .05 

—  .0(1  ±  .05 

1.2 

B 

Resistant  females,  left 
Resistant  females,  right 

1.05  ±  .05 

1.1 1  ±  .05 

-  .00  ±  .04 

1.5 

C 

Resistant  males,  left 
Resistant  males,  right 

1.08  ±  .05 

1.05  ±  .05 

+  .05  ±  .04 

1.3 

C 

Resistant  females,  left 
Resistant  females,  right 

1.07  ±  .05 

1.07  ±  .05 

0  ±  .04 

0 

DISCUSSION 

Without  doubt  there  was  some  unavoidable  variation  in  the  level  at  which 
the  measurements  were  made.  However,  the  buccal  crests  of  the  molars  were 
used  as  markers  duriiif?  both  mountinj?  and  grinding.  During  the  later  stages 
of  the  grinding,  the  plaster  was  carefully  scraped  away  from  the  cusps  of  the 
teeth.  This  enabled  the  experimenter  to  see  the  level  at  which  he  was  working. 
The  variation  in  the  plane  of  sectioning,  therefore,  is  believed  to  be  approxi¬ 
mately  the  same  for  lioth  suscejitible  and  resistant  groups. 

Exten.sive  microscoiiie  caries  were  observed  in  the  sectioned  teeth  of  the 
susceptible  animals.  If  caries  or  other  injury  to  the  tooth  removed  material 
in  the  region  at  which  the  wddth  of  the  fissure  was  measured  (Fig.  2),  the 
measurement  would  be  worthless.  Of  the  228  fissures  in  the  susceptible  group, 
223  showed  caries  or  decalcification  of  the  enamel.  Among  the  240  fissures  of 
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the  resistant  rats,  five  A  and  three  C  fissures  showed  slight  decalcification  of 
the  enamel.  One  doubtful  case  was  found.  One  instance  of  secondary  caries 
due  to  fracturing  was  identified. 

Only  those  fissures  in  which  there  was  no  damage  at  point  x  and  in  which 
plane  a  (Fig.  2),  the  other  limit  of  measurement,  could  be  located  were  mea¬ 
sured.  The  discarding  of  fissures  was  so  critical  that  some  intact  ones  were 
probably  rejected  because  there  api)eared  some  grounds  for  suspecting  damage 
to  the  measured  region. 

Theoretically,  it  might  he  contended  that  measurements  of  the  fissures 
should  also  have  been  made  at  several  other  planes.  The  plane  chosen  can  be 
regarded  as  a  random  selection  of  planes.  Therefore,  further  lalwrious  investiga¬ 
tion  appeared  to  be  unnecessary. 

The  cavities  observed  by  Hunt  and  Iloppert  are  possibly,  as  a  rule,  initiated 
by  caries  which  weaken  the  tooth,  and  this  is  followed  by  secondary  fracturing 
that  makes  the  cavity  visible  to  the  unaided  eye.  “Caries  time,”  as  defined  by 
Hunt  and  Hoppert,  is  the  difference  between  35  days  of  age  and  the  age  at 
which  caries  is  first  observed.  The  caries  time  was  23  days  for  the  twenty- 
fourth  susceptible  generation,  which  was  the  generation  used  in  the  measurement 
of  fissure  width.  Thus,  gross  carious  lesions  were  observed  by  Hunt  and  Hoppert 
in  this  generation  at  the  average  age  of  58  days.  Both  microscopic  caries  and 
secondarj'  fracture  due  to  caries  were  present  at  40  days  of  age  among  sus- 
eeptibles  in  this  experiment.  This  suggests  that  the  caries  time  observed  by 
Hunt  and  Hoppert  might  actually  be  the  time  at  which  secondary  fracturing 
occurred  following  caries. 

Hunt  and  Hoppert^^  reported  on  the  distribution  of  carious  cavities  in 
these  strains  of  rats.  Table  V  correlates  the  locations  of  carious  cavities  with 
the  widths  of  fissures  in  the  lower  molar  teeth.  It  is  evident  that  width  of 
fissures  is  at  most  only  one  factor  in  the  causation  of  caries.  Only  39.5  per  cent 
of  the  carious  cavities  on  the  right  side  of  susceptibles  and  20.9  per  cent  of  the 
caries  on  the  left  side  of  susceptibles  were  found  at  fissures.  Corresponding 
frequencies  for  resistant  rats  were  11.4  per  cent  and  4.2  per  cent. 


Tabi.k  V 

CoRKEi.ATiON  Bctween  Fisscke  Wimiis  Axi)  FKKyrE.NM  iES  OK  Caries 


1  SUSCEPTIBLE  SERIES  | 

1  RESISTANT  SERIES 

KIFER-HUNT 

HUNT-HOPPERT 

nSSURE 

1  INCIDENCE 

FISSURE  1 

INCIDENCE 

DESIGNATION 

DESIGNATION 

WIDTH  (mm.) 

1  OF  CARIES 

WIDTH  (mm.)  I 

OF  CARIES 

Right  A 

Bight  A 

.12 

0 

.09 

.03% 

Riglit  B 

Riglit  B 

.2a 

.21 

4.4%  (  1 1  \0f 
7.0%  { 

Right  C 

Riglit  F 

.28 

.21 

I.«ft  A 

lA?ft  A 

.1.1 

0 

.10 

0% 

Left  B 

lA?ft  B 

.2(5 

5.3%  ( 

15.(5%  1 

.20 

l.'l%  /  A 

2.8%  { 

I^ft  c 

lA*ft  F 

.28 

.21 

Hunt  and  Hoppert'-  did  not  find  carious  lesions  at  fissure  A  in  suseeptible 
rats.  However,  examination  of  the  ground  sections  revealed  caries  with  equal 
frequencies  at  all  fissures  of  the  susceptible  rats.  The  depths  of  the  fissures 


G28 


KIFEK,  HUNT,  HOPPERT,  AND  WITKOP 


J.  D.  Res. 
August,  1956 


suggest  an  explanation.  Fissures  B  and  C  are  deeper  than  fissure  A.  All  the 
fissures  are  inclined  forward.  Possibly  the  longer,  unsupported  posterior  walls 
of  fissures  B  and  C  are  more  liable  to  fracture  after  undermining  by  caries  than 
the  ])osterior  wall  of  fissure  A.  Such  secondary  fracturing  would  result  in  a 
gross  lesion,  easily  seen  in  macroscopic  examination. 

Do  the  different  average  fi.s.sure  widths  of  the  susceptible  and  resistant 
strains  of  rats  contribute  to  the  difference  in  mean  caries  times  in  these  two 
strains?  It  is  conceivable  that  the  association  between  the  wider  fissures  of 
the  susceptible  rats  with  the  relatively  short  time  required  to  develop  dental 
caries  is  fortuitous,  that  is,  that  the  two  traits  have  been  fixed  in  the  strain  by 
inbreeding  and  have  no  causal  relation.  But  dental  caries  is  promoted  by  the 
presence  of  coar.se  rice  particles  in  the  H.W.C.  diet,  and  impaction  of  food  is 
known  to  occur  in  the  fissures  of  the  molar  teeth  of  rats.  The  writers  are 
inclined  to  favor  the  hypothesis  that  the  wider  fis.sures  facilitate  the  impaction 
of  food  containing  the  coarse  rice  particles,  and  that  these  impactions  favor  the 
growth  of  cariogenic  bacteria  in  the  fissure.  Where  wide  fissures  occur  in  the 
molars  of  resistant  animals,  caries  may  not  develoj)  because  another  inherited 
condition  in  the  mouth  prevents  caries  in  spite  of  the  width  of  the  fissure.  On 
the  other  hand,  an  inherited  factor  might  cause  caries  in  the  mouth  of  a  sus¬ 
ceptible  rat  in  spite  of  a  narrow  fissure.  It  is,  of  course,  conceivable  that  wider 
fissures  provide  greater  opportunities  for  an  impaction  to  be  washed  out  by  the 
saliva.  It  is  clear  that  width  of  fissure  can  only  be  one  of  perhaps  many  factors 
which  affect  dental  caries.  An  investigation  of  the  relation  between  fissure 
width  and  caries  time  within  the  susceptible  line  is  desirable. 

SUMMARY 

1.  The  fissures  in  the  left  and  right  lower  molar  teeth  of  caries-cusceptible 
rats  are,  at  the  plane  studied,  significantly  wider  than  the  corresponding  fissures 
in  caries-resistant  rats  at  the  age  of  40  days. 

2.  Fissure  width  may  be  one  of  the  factors  involved  in  the  etiology  of 
dental  caries  in  rats. 

3.  The  i)resence  of  extensive  microscopic  caries  in  40-day-old  caries-sus- 
cei)tible  rats  is  discus.sed. 


REFERENCES 

1.  Hoppert,  C.  A.,  Webber,  P.  A.,  and  Canniff,  T.  L. :  The  Production  of  Dental  Caries  in 

Rats  Fed  an  Adequate  Diet,  J.  D.  Ees.  12:  161,  1932. 

2.  Dental  Caries,  American  Dental  Assn.,  Lancaster,  Pa.,  1939,  l>ancaster  Press. 

3.  Cox,  G.  J.,  and  Dixon,  S.  F.:  Experimental  Dental  Caries  II.  A  Method  of  Grinding  Rat 

Molars  for  Observing  Fissure  Caries,  J.  1).  Ees.  18:  153,  1939. 

4.  Hunt,  H.  R.,  and  Hop|)ert,  C.  A.:  Inheritance  in  Rat  Caries,  Genetics  24:  76,  1939. 

5.  Idem-.  Inheritance  in  Rat  Caries,  Year  Book  of  the  American  Philosophical  Society,  p. 

131,  1941. 

6.  Idem:  Inheritance  of  Susceptibility  and  Resistance  to  Caries  in  Albino  Rats  (Mus 

Norvegicus),  ./.  Am.  Coll.  Den.  11:  33,  1944. 

7.  Hunt,  H.  R.,  Hoppert,  C.  A.,  and  Erwin,  \V.  G.:  Inheritance  of  Susceptibility  to  Caries 

in  Albino  Rats  (Mus  Norvegicus),  J.  D.  Ees.  23:  3H5,  1944. 

8.  Hunt,  H.  R.,  Hoppert,  C.  A.,  and  Braunschneider,  G.  E. :  Hereditary  and  Environmental 

Factors  Influencing  Tooth  Decay  in  the  Albino  Rat  (Rattus  Norvegicus),  Eecords 
of  the  Genetic  Society  of  .imerica  16:  37,  1947. 


Volume  35  WIDTHS  OF  FISSURES  OF  LOWER  MOLARS  OF  ALBINO  RATS 

Number  4 


629 


9.  Braunschneider,  G.  E.,  Hunt,  H.  R.,  and  Hoppert,  C.  A.:  The  Influence  of  Age  in  the 
Development  of  Dental  Caries  in  the  Rat  (Rattus  Norvegicus),  J.  D.  Res.  27:  154, 
194IS. 

10.  Hunt,  H.  R.,  and  Hoppert,  C.  A.:  Sex  and  Dental  Caries  in  Albino  Bats  (Rattus 

Norvegicus),  J.  D.  Res.  27:  486,  1948. 

11.  Idem:  Occlusion  as  a  Factor  in  Dental  Caries  of  Albino  Rats  (Rattus  Norvegicus), 

J.  D.  Res.  27:  553,  1948. 

12.  Idem:  The  Distribution  of  Carious  Cavities  in  the  Lower  Molars  of  Caries  Susceptible 

and  Caries  Resistant  Albino  Rats  (Rattus  Norvegicus),  J.  D.  Res.  29:  157,  1950. 

13.  Nakfoor,  E.  C.,  Hunt,  H.  R.,  and  Hoppert,  C.  A.:  Fracturing  of  the  Molar  Teeth  in 

Caries  Susceptible  and  Caries  Resistant  Albino  Bats  (Rattus  Nor4’egicus),  J.  D.  Res. 
31:  143,  1952. 

14.  Stewart,  W.  H.,  Hoppert,  C.  A.,  and  Hunt,  H.  B. :  The  Incidence  of  Dental  Caries 

in  Caries  Susceptible  and  Caries  Resistant  Albino  Bats  (Rattus  Norvegicus)  When 
Fe«l  Diets  Containing  Granulated  and  Powdered  Sucrose,  J.  D.  Res.  32:  210,  1953. 

15.  Clise,  R.  L.,  and  Hunt,  H.  R. :  Growth  Rate  and  Pilosity  in  Caries  Resistant  and  Caries 

Susceptible  Albino  Rats  (Rattus  Norvegicus),  J.  D.  Res.  32:  215,  1953. 

16.  Rosen,  S.,  Benarde,  M.  A.,  Hunt,  H.  R.,  and  Hoppert,  C.  A.:  Microbiologie  Differences 

in  the  Oral  Cavities  of  the  Hunt-Hoppert  Caries  Resistant  and  Caries  Susceptible 
Bats  (Rattus  Norvegicus),  J.  D.  Res.  113,  1954. 

17.  Rosen,  S. :  Personal  communication,  1955. 


PREVALENCE  OF  DENTAL  CARIES  IN  YOUNG  ADULT  MALES 

IN  ISRAEL 

(18  TO  30  YEARS  OF  AGE) 

MAX  M.  WEINKEB,  D.D.S.,  M.S.,*  AND  DAVID  BEN-SHUSHAN,  DR.  MED.  DENT. 

Israel  Defense  Army,  Israel 

I.NTRODUCTION 

The  purpose  of  this  investigation  was  to  determine  the  prevalence  of  dental 
caries  in  the  adult  male  anny  personnel  (18  to  30  years  of  age)  in  Israel; 
to  compare  the  incidence  of  caries  in  the  maxilla  and  mandible;  and  to  establish 
the  incidence  and  number  of  affected  first  permanent  molars.  The  purpose  of 
analyzing  this  last  factor,  the  incidence  of  first  molar  caries,  was  to  test  the 
validity  of  using  the  first  permanent  molars  as  a  measure  of  total  caries  expe¬ 
rience  in  epidemiologic  surveys  at  the  ages  of  18  to  30  years. 

REVIEW  OF  LITERATURE 

The  simplest  method  of  surveying  the  occurrence  of  caries  epidemiologically 
is  to  determine  the  proportion  of  the  population  affected  by  it  (per  cent  of 
persons  affected).  Kiernan®  used  this  method  as  early  as  1892,  and  it  has  since, 
been  followed  by  many  others.’’ 

This  method  does  not  indicate,  of  course,  the  amount  of  caries  present, 
since  a  person  with  a  single  carious  lesion  receives  the  same  statistical  weight 
as  one  with  rampant  decay.  Therefore  a  logical  method  of  quantitatively  eval¬ 
uating  the  prevalence  of  caries  is  to  count  the  number  of  teeth  per  person  which 
are  affected  by  dental  decay.  This  approach  found  its  culmination  in  the  method 
of  counting  decayed  (D),  missing  (M),  and  filled  (F)  teeth. ^  As  in  any  other 
disease,  the  total  caries  experience  can  be  obtained  by  adding  the  amount  of 
morbidity  (number  of  decay  and  filled  teeth)  plus  the  mortality  (number  of 
extracted  teeth). 

It  is  well  established  that  the  first  permanent  molars  are  most  frequently 
and  severely  affected  by  caries.’’  ’’  ”’  Cheyne  and  Drain’  showed  that  the  first 
permanent  molars  contributed  88  per  cent  to  the  total  caries  experience  while  the 
2  lower  first  permanent  molars  alone  contributed  65.8  per  cent  to  the  total  num¬ 
ber  of  DMF  teeth  at  early  ages.  On  this  basis,  Knutson  and  Klein’®  suggested 
the  use  of  the  first  permanent  molars  as  a  measure  of  caries  experience.  Massler 
and  Chand®  showed  the  validity  of  using  this  method  up  to  12  years  of  age. 

MATERIALS 

This  study  is  based  upon  the  oral  examination  of  7,727  young  male  adults, 
18  to  30  years  of  age  (Table  I).  The  young  men  were  a  fair  sample  of  the 

Received  for  publication  January  13,  1955.  Revised  Feb.  25,  1956. 

♦Present  address :  The  School  of  Dentistry,  Hebrew  University,  Jerusalem. 
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present  population  of  Israel,  and  included,  in  addition  to  those  born  in  Israel, 
immif^rants  from  different  parts  of  the  world.  All  the  men  were  in  good  health 
and  had  been  declared  fit  for  military  service.  Since  no  dental  cause  exists  for 
inadmittance  to  the  service,  this  study  reflects  the  dental  conditions  of  all  in¬ 
dividuals  who  met  the  general  medical  standards  for  admission  to  the  military. 

Since  their  period  of  service  in  the  armed  forces  was  relatively  short,  the 
army  diet  had  no  influence  on  the  (juality  of  their  teeth.  Before  their  induction 
they  all  adhered  to  the  diet  eustomar\'  in  their  respective  communities.  These 
varied  greatly  from  typically  Eastern  to  typically  Western  dietaries. 

While  all  men  received  adecjuate  dental  care  during  their  army  service, 
most  of  the  immigrants  from  Europe  had  lived  under  extremely  hazardous  con¬ 
ditions  during  the  war  years  and  presented  with  rather  neglected  dentitions. 

METHODS 

Examination. — The  oral  examinations  were  made  with  No.  4  magnifying 
mirrors  and  fine,  pointed  pig-tail  explorers  under  good  natural  lighting  condi¬ 
tions.  A  chip-blower,  cotton  pellets,  and  cotton  tweezers  were  available  to  aid 
in  the  diagnosis  of  doubtful  ca.ses.  The  lesions  recorded  were  those  found 
readily  on  careful,  clinical  dental  examination. 

Pits  and  fissures  were  thoroughly  explored  and  not  counted  as  a  carious 
defect  unless  there  was  visual  evidence  of  caries,  or  if  the  explorer  actually 
penetrated  into  soft  dentin.  A  tooth  that  had  been  previously  filled  and  had 
developed  secondary  caries  since,  was  counted  only  once  as  having  active  decay. 

FINDINGS 

Per  cent  of  Persom  Affected  by  Caries. — 

DMF  teeth:  Table  I  and  Fig.  1  indicate  the  per  cent  of  men  affected  by 
caries.  At  the  age  of  18  years  81.39  per  cent  were  already  affected  by  caries. 
This  attack  rate  showed  a  rapid  acceleration  so  that  at  19  years  86.59  per  cent 
were  affected.  The  curve  in  Fig.  1  shows  a  slight  drop  at  the  age  of  20  at  which 
86.07  per  cent  were  affected.  This  and  similar  drops  in  the  number  of  persons 
affected  are  undoubtedly  sampling  errors  caused  by  the  fact  that  this  is  a  cross- 
sectional  study  recording  the  caries  experience  in  different  pei*sons  at  different 
ages,  rather  than  a  longitudinal  study  of  findings  in  the  same  people  at  different 
ages.  Since  caries  is  a  cumulative  disease  and  evidence  of  its  existence  is  never 
obliterated  from  the  mouth,  a  drop  in  the  number  of  carious  teeth  with  advancing 
age  is  an  artifact.  From  20  to  28  years  of  age,  a  steady  but  slower  increase  in 
the  percentage  of  people  affected  by  caries  can  be  noted  in  Fig.  1.  The  cun’e 
fitted  to  the  plotted  data  by  the  method  of  least  squares  shows  the  trend  of  in- 
crea.sed  caries  experience  with  advancing  age. 

DMP  first  permanent  molars:  Table  I  and  Fig.  1  show  the  percentage  of 
persons  with  first  permanent  molars  attacked  by  caries.  At  18  years  of  age 
76.10  per  cent  of  the  soldiers  examined  had  first  permanent  molars  affected. 
Thereafter,  the  increase  in  the  incidence  of  caries  in  the  first  permanent  molars 
was  steady  with  only  slight  drops  at  the  ages  of  20,  23,  and  26  years.  As  ex¬ 
plained  previously,  these  fluctuations  are  sampling  errors,  variables  inherent  in 
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cross-sectional  data  using  only  moderate-sized  samples.  The  interpolated  curve 
shows  the  trend  of  increased  damage  to  the  first  permanent  molars  with  ad¬ 
vancing  age. 

Average  Number  of  DMF  Teeth  Per  Person. — 

Table  I  and  Fig.  2  indicate  that  the  number  of  DMF  teeth  at  the  age  of  18 
was  3.66  per  person.  From  19  to  30  years  of  age  this  figure  showed  a  steady 
rise,  so  that  at  30  years  of  age  the  average  number  of  DMF  teeth  per  person  was 
8.62.  The  curve  fitted  to  the  data  by  the  method  of  least  squares  shows  the  trend 
in  caries  experience  to  increase  approximately  in  a  straight  line. 


teeth 

first 

molars 


Age  in  years 


Fig.  1. — Per  cent  of  persons  with  DMF  teeth  and  DMF  first  permanent  molars. 


Difference  between  moJcUlary  and  mandibular  arches:  Fig.  2  also  indicates 
the  number  of  DMF  teeth  in  the  maxillary  and  mandibular  arches  as  compared 
to  the  total.  Both  curves  show,  with  slight  exceptions,  a  steady  increase  in  the 
number  of  DMF  teeth  with  the  increase  in  age.  However,  the  increase  in  caries 
experience  is  faster  in  the  maxilla  than  in  the  mandible  so  that  an  appreciable 
difference  exists  between  the  two  jaws  at  30  years  of  age. 

Average  number  of  carious  (DMF)  first  permanent  molars  per  person: 
Table  I  and  Fig.  3  show  the  caries  experience  in  the  first  permanent  molars  from 
the  ages  of  18  to  30  years.  The  total  number  of  DMF  first  permanent  molars  at 
18  years  was  almost  2  (1.983)  per  person.  Thereafter  the  number  of  DMF 
permanent  first  molars  increased  steadily  (with  some  slight  ttuctuations)  and 
reached  3,024  at  the  age  of  30. 


Average  number  of  Dlf  teeth  per  person 
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Fig.  1  coinparc.s  the  DMF  rate 'in  the  maxillary  and  mandibular  first  per¬ 
manent  molars.  In  contrast  to  the  cur\'es  for  the  entire  maxillary  and  man¬ 
dibular  arches  (Fig.  2),  the  mandibular  first  molars  were  more  often  affected 
than  the  maxillary. 


Comparisoji  of  Canes  Experience  in  AU  Permanent  Teeth  With  Caries. — 
Experience  in  first  permanent  molars:  Since  one  of  the  objectives  of  this 
study  was  to  analyze  the  validity  of  using  the  fii*st  permanent  molars  as  an  index 
of  the  total  caries  experience  in  all  permanent  teeth  at  an  adult  age  (18  to  30 
years),  the  caries  experience  in  all  permanent  teeth  was  compared  with  that 
in  the  fii*st  permanent  molars. 
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A  coefficient  of  correlation  was  calculated  for  the  number  of  DMF  teeth 
and  number  of  DMF  first  molars.  This  coefficient  was  +0.317  and  thus  show'ed 
that  between  the  ages  of  18  and  30  years  the  first  molars  were  no  longer  repre¬ 
sentative  of  the  caries  experience  in  all  the  permanent  teeth. 

Differences  in  Caries  Experience  According  to  Country  of  Origin. — 

Very  striking  differences  were  noticed  in  the  prevalence  of  caries  in  men 
wiio  were  born  in  Israel  and  countries  of  the  Middle  East,  and  those  who  came 


from  Europe  and  America.  Those  born  in  the  IMiddle  East  were  strikingly 
caries  immune.  Unfortunately,  how’ever,  data  as  to  ethnic  origin  were  not 
collected  in  all  examinations  and  therefore  no  detailed  analysis  can  be  made  at 
this  point. 


Klg.  3. — Average  number  of  DMF  first  permanent  molars  per  person. 


DISCISSION 

DMF  teeth:  The  average  number  of  DMF  teeth  per  person  examined  in 
Israel  appears  to  be  much  lower  than  those  reported  for  similar  age  groups 
elsewhere.  Hollander  and  Dunning”  examined  8,410  office  employees  of  an  in¬ 
surance  company  in  New  York  City  and  found  15.82  DMF  teeth  at  ages  20  to 
24  and  18.28  DMF  teeth  at  the  ages  25  to  29  years.  This  is  in  contrast  to  the 
findings  in  Israel  of  5.23  and  6.94  respectively. 

Although  there  is  considerable  evidence  to  indicate  that  the  DMF  figure 
may  vary  considerably  depending  upon  the  experience  and  care  exercised  by 
the  examiner,^  it  is  felt  that  these  variations  are  not  sufficient  to  account  for  the 
striking  difference  in  the  caries  rate.  A  significant  number  of  the  men  ex- 
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ainined  were  horn  in  Israel  or  Middle  East  countries.  These  men  were  strik¬ 
ingly  caries  immune.  The  low  caries  figure  is  undouhtedly  related  to  this  fact. 

The  reason  for  the  relative  caries  immunity  in  those  men  from  the  Middle 
East  is  at  this  time  speculative.  Though  a  high  amount  of  sunshine,  as  pre¬ 
vails  in  these  parts  of  the  world,  was  suggested  as  cause  by  IMills^®  and  by 
East,*  this  finds  no  supi)ort  epidemiologically  when  analyzed  in  the  light  of 
present  knowledge.  Another  factor  which  might  account  for  the  low  caries 
experience  in  those  from  the  Middle  East  is  the  chemical  composition  of  waters 
consumed  as  suggested  by  Mills'®  and  others.*-  ®  Klein  and  Palmer*  have  shown 
that  the  hardness  of  the  drinking  water  and  caries  prevalence  are  significantly 
and  inversely  related  to  each  other.  Since  the  total  hardness  of  the  drinking 
water  in  Israel  is  extremely  high,  this  might  be  a  contributing  factor  to  the 
very  low  caries  experience  of  the  men  born  in  Israel.  However,  when  we.  relate 
dental  caries  experience  to  domestic  water  on  the  basis  of  its  hardness,  we  arc 
very  apt  to  be  relating  it  also  to  a  higher  fluoride  content  unknowingly.'®  The 
water  sources  of  this  country — such  as  have  been  examined  so  far — show  a  sodium 
fluoride  content  of  from  0.3  to  1.3  parts  per  million.  If  we  take  into  account 
the  bigger  (juantities  of  water  consumed  in  this  hot  climate,  it  is  possible  that 
the  amount  of  fluoride  ingested  approaches  the  optimum  level.  Finally,  the 
pattern  of  fermentable  carbohydrate  ingestion  in  the  diet  must  be  thoroughly 
analyzed  before  definite  conclusions  may  be  drawn. 

ST’MMARY  AND  CONCUSSIONS 

The  caries  exiierience  of  a  group  of  7,727  young  male  soldiers  18  to  30 
years  of  age  was  assessed  by  simple  clinical  examination  of  the  teeth  and  scor¬ 
ing  the  DMP  rate  for  the  group.  The  caries  experience  of  the  first  permanent 
molars  was  also  calculated  in  order  to  test  the  validity  of  using  the  first  perma¬ 
nent  molar  as  an  index  of  the  total  caries  experience  at  this  age.  The  caries 
•rate  was  computed  separately  in  the  upper  and  lower  arches  in  order  to  establish 
the  relative  susceptibility  of  each. 

The  findings  were: 

1.  The  number  of  DMF  teeth  was  rather  low  when  compared  with  data 
from  other  countries. 

2.  Caries  prevalence  among  those  born  in  Israel  and  the  Middle  East  was 
exceedingly  low.  This  portion  of  the  sample  accounted  for  the  rather  low  caries 
rate  for  the  group. 

3.  The  mandibular  first  permanent  molars  were  more  often  affected  by  caries 
than  were  the  maxillary  ones.  There  was  a  relatively  low  correlation  between 
the  caries  prevalence  in  the  first  permanent  molars  and  total  caries  experience. 
Therefore  the  first  ])ermanent  molai-s  do  not  provide  a  reliable  index  for  total 
caries  experience  at  the  ages  of  18  to  30  years, 

4.  IMore  teeth  were  affected  in  the  maxilla  than  in  the  mandible. 

We  wish  to  express  our  deepest  gratitude  to  Col.  A.  Azmon,  Surgeon  General  of  the 
Israel  Defense  Army,  for  his  constant  help  and  deep  interest  in  dental  affairs.  We  also 
wish  to  thank  Drs.  I.  Schour  and  M.  Massler  of  the  University  of  Illinois  College  of  Dentistry 
for  their  help  and  advice. 
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THK  FOOD  HABITS  AND  DENTAL  STATUS  OF  SOME  CONNECTICUT 

CHILDREN 

MARTHA  POTGIETER,  Ph.D.,  ELLEN  H.  MORSE,  M.S.,  F.  M.  ERLENBACH,  D.M.l)., 

AND  RUTH  DALL 

School  of  Home  Economieg  and  Storrg  Agricultural  Experiment  Station,  University  of 
Conncctii'Ut ,  Storrs,  Conn.,  and  the  Dental  Hygiene  Division,  Connecticut  State  Department 

of  Health,  Hartford,  Conn, 

The  dental  status  and  food  habits  of  864  children  in  eastern  Connecticut 
were  surveyed.  Their  rate  of  dental  decay  has  been  studied  in  relation  to 
various  factors  in  their  diets,  including?  consumption  of  fruits  and  vegetables, 
milk  intake,  consumption  of  candy  and  soft  drinks,  and  between-meal  eating. 
Information  about  their  food  habits  was  obtained  from  7-day  food  intake 
records  kept  by  the  children. 

In  the  19  elementary  .schools  in  eastern  Connecticut  which  volunteered  to 
cooperate,  all  the  children  in  grades  5  to  8  participated.  Only  those  children 
with  complete  7-day  foot!  intake  records  are  included  in  this  report.  Of 
the  864  children  with  complete  records,  368  were  in  attendance  at  3  elementar>' 
schools  in  a  city  of  15,000  population.  These  have  been  designated  as  “city” 
children,  in  contrast  to  the  other  496  children,  who  attended  small  village  or 
rural  schools  and  who  have  been  designated  as  “rural”  children. 

The  study  was  carried  out  in  the  spring  of  1950.  This  was  previous  to  any 
possible  effect  on  the.se  children’s  teeth  of  the  fluoridation  of  public  water 
supplies  or  of  the  topical  application  of  fluorides. 

The  diets  of  the  children,  when  rated  as  to  intake  of  the  basic  7  foods,* 
were  found  to  be  moderately  good,  on  the  average,  with  none  up  to  standard 
every  day  and  probably  none  seriously  deficient.  The  greatest  deficiency  was 
in  the  intake  of  fruits  and  vegetables.  More  detail  about  the  (juality  of  their 
diets  has  been  published  elsewhere.* 

DEXT.\L  STATUS  OK  THE  Sl’BJECl'S 

Dental  examinations  of  these  children  were  made  by  2  public  health  dental 
hygienists  of  the  Dental  Hygiene  Division  of  the  State  Department  of  Health. 
The  examinations  included  the  use  of  good  light,  mouth  mirrors,  and  explorers, 
but  no  x-ray. 

The  average  number  of  decayed,  missing,  and  filletl  teeth  per  child  (DMF 
rate)  at  various  age  levels,  for  city  and  rural  children,  and  for  boys  and  girls 
in  the  present  study  is  shown  in  Fig.  1,  .1  and  B,  in  comparison  with  a  curve  for 
the  dental  status  of  19,906  children  in  Connecticut  in  1937-44.®  There  seems 
to  be  an  increa.se  in  the  rate  of  dental  decay  between  1944  and  1950,  beginning 
at  about  14  years  of  age. 

Received  for  publication  Feb.  4,  1955.  Revised  by  authors  Oct.  15,  1955. 
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The  rate  of  dental  decay  in  the  city  children  in  the  present  study  is  higher 
than  that  of  the  rural  children  at  all  age  levels  (Fig.  1,  .4).  The  average  T)MF 
rate  for  city  children  is  9.1;  for  rural  childrt'n,  7.1. 

The  difference  between  the  rate  of  dental  decay  in  boys  and  that  in  girls 
in  the  present  study  seems  to  fluctuate  from  year  to  year,  with  no  consistent 
sex  difference  (Fig.  B).  The  average  number  of  DMF  teeth  for  the  boys  is 
H.l;  for  the  girls,  8.0. 


Kig.  1. — Average  DMF  rate  of  children  at  various  age  levels.  A,  For  city  and  rural  children 
in  1950,  as  compared  with  the  rate  for  all  children  in  1944  ;  B,  for  boys  and  for  girls  in  1950. 


RELATIONSHIP  BETWEE.N  DENTAL  STATl’S  AND  DIET 

Scoring  and  Rating  the  Diets. — The  diets  of  the  864  children  were  scored 
and  rated  as  to  content  not  only  of  the  basic  7  food  groups,  but  also  on  their  con¬ 
tent  of  many  individual  footl  items,  including  candy  and  soft  drinks  as  well  as 
freiiuency  of  between-meal  snacks. 

In  scoring  the  diets  for  degree  of  nutritional  adequacy  on  the  basis  of  the 
National  F'ood  (luide,'  the  following  numlxM-s  of  servings  of  the  various  foot! 
groups  were  considered  to  constitute  an  adequate  (“optimal”)  diet  for  a  child: 

Group 
1 
*> 

3 

4 

5 

a 


S umber  Serv- 

Foodn  ings  per  Dag 

lA*afy,  green,  and  yellow  vegetables  1 

('itrus  fruit,  tomatoes,  raw  cabbage,  and  other  high  vitamin  C  foo<1s  1 

Other  vegetables  and  fruits,  including  potatoes  2 

Milk,  cheese,  and  iee  cream  (cups  of  milk,  including  milk  (K|uivalent 

of  other  dairy  products)  4 

Meat,  poultry,  tish,  eggs,  dried  beans  and  peas,  nuts  2 

Bread,  flour,  and  cereals,  whole-grain  or  enriched  or  restoreii  2 

Rutter  and  fortiflisl  margarine  1 

Total  number  of  aeriings  13 
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Additional  servings  of  any  food  group  were  not  accepted  in  lieu  of  sliortages 
in  other  groups  the  same  day  or  for  lacks  in  the  same  group  on  other  days.  The 
number  score  for  an  ade<piate  diet  was  13. 

The  diets  were  divided  into  3  groups  as  to  nutritional  ade<piacy :  high, 
middle,  and  low.  Children  in  the  high  diet  rating  group  had  an  average  daily 
diet  scores  ranging  from  9.0  to  13  points,  inclusive,  per  day.  No  child  received 
an  average  score  as  high  as  13  though  some  had  scores  of  13  on  individual  days. 
Diets  in  the  middle  diet  rating  group  scored  7.0  to  8.9  points,  inclusive;  those 
in  the  low  diet  rating  group,  3.0  to  6.9  points,  inclusive.  The  purpose  of  the 
division  at  these  points  was  to  avoid  too  large  or  too  small  a  number  in  each  of 
the  groups.  The  distribution  of  the  city  children  and  of  the  rural  children 
among  the  3  diet  rating  groups  is  indicated  in  Table  I. 


Table  I 

Distribution  of  City  and  Rural  Children  Among  the  Three  Basic  Seven  Diet 

Rating  Groups 


diet  rating 

GROUPS 

DIET  SCORE 
(RANGE)* 

1  CITY  CHILDREN  | 

RURAL  CHILDREN 

ALL  CHILDREN 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

High 

9.0-13 

93 

25 

265 

54 

358 

Middle 

7.0-8.9 

154 

42 

163 

33 

317 

Low 

3.0-69 

121 

33 

68 

13 

189 

•A  score  of  13  points  per  day  indicates  an  adequate  ("optimal”)  diet;  it  includes  the 
recommended  number  of  servings  of  all  the  basic  7  food  groups.* 


Dental  Status  in  Relation  to  Basic  Seven  Diet  Score. — The  relative  dental 
status  of  children  in  the  high,  middle,  and  low  basic  7  diet  rating  groups  is 
shown  in  Table  II.  It  can  easily  be  seen  that  among  the  children  in  the  high 
diet  rating  group  (.score  range:  9.0  to  13)  there  is  a  higher  percentage  in  the 
best  dental  class  (with  0  to  6  DMF  teeth  per  child)  and  a  lower  percentage  in 
the  poorest  dental  class  (with  13  to  24  DMF  teeth  per  child),  as  compared  with 
the  distribution  of  the  children  in  the  low  diet  rating  group  (score  range:  3.0 
to  6.9).  There  is  obviously  a  positive  relationship  in  these  children  between 
present  dental  status  and  general  “goodness”  of  the  diet  as  determined  from 
their  7-day  food  intake  records. 


Table  II 

Distribution  op  Children  Among  the  Three  Diet  Rating  Groups  and  the  Three 
Dental  Status  Groups 


DIET  RATING 

GROUPS 

DIET  SCORE 
(RANGE) 

RANGE  OP  DMP  RATES  IN  THE  THREE  DENTAL  STATUS  GROUPS 

0-6 

7-12 

13-24 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

High 

208 

58 

122 

34 

28 

8 

Middle 

127 

40 

111 

35 

79 

25 

Low 

3.0-69 

62 

33 

76 

40 

51 

27 

Dental  Status  in  Relation  to  Fruit  and  Vegetable  Consumption. — It  can  be 
seen  from  Table  III  that  those  children  eating  4  or  more  servings  of  fruits  and 
vegetables  per  day  had,  on  the  average,  a  lower  rate  of  dental  decay  than  those 
eating  only  0.1  to  1.9  servings  per  day. 
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Dental  Status  in  Relation  to  Milk  Consumption. — The  dental  status  of  these 
children  in  relation  to  3  different  levels  of  milk  intake  is  reported  in  Table 
IV.  Of  the  children  drinking  4  or  more  cups  of  milk  (including  milk 
equivalent  of  other  dairy  products)  per  day,  a  higher  percentage  are  in  the 
best  dental  group  and  a  lower  percentage  are  in  the  poorest  dental  group,  as 
compared  with  the  children  in  the  lowest  milk  intake  group. 

Table  III 

REI.ATIONSH1P  Between  Dental  Status  and  Total  Fruit  and  Vegetable  Consumption 


PERCENTAGE  DISTRIBUTION  OF  CHII.DREN  AMONG  THE 
THREE  DENTAL  STATUS  GROUPS 


RANGE  OF  DMF  RATES  OF  CHILDREN  IN 
THE  THREE  DENTAL  STATUS  GROUPS: 

0-6 

(%) 

7-12 

(%) 

13-24 

(%) 

Total  number  of  servings  of  fruits 
and  vegetables  per  day: 

4  or  more 

54 

34 

12 

2.0-3.9 

44 

44 

12 

0.I-1.9 

30 

40 

30 

Table  IV 

Relationship  Between  Dental  Status  and  Three  Levels  of  Milk  Consumption 


RANGE  OP  DMF  RATES  OF  CHILDREN  IN 
THE  THREE  DENTAL  STATUS  GROUPS: 

PERCENTAGE  DISTRIBUTION  OP  CHIIJ)REN  AMONG  THE 
THREE  DENTAL  STATUS  GROUPS 

0-6 

(%) 

7-12 

(%) 

13-24 

(%) 

Number  of  cups  of  milk*  per  day: 

4  or  more 

51 

37 

12 

2.0-3.9 

46 

40 

14 

0.1-1.9 

35 

37 

28 

'Including  milk  equivalent  of  other  dairy  products. 


Table  V 

Dental  Decay  Rate  in  Rei.ation  to  Level  of  Milk  Consumption 


DMF  RATES  OF  CHILDREN  IN  VARIOUS  MILK  CONSUMPTION  GROUPS 


1  O.l-l.O  1 

1  1.1-2.0  1 

2.1-3.0  1 

.3.1 -4.0  1 

4. 1-5.0  1 

5.1-8 

AVERAGE 
NUMBER  OF 

CUPS  OF 

MILK  PER 
DAY :  * 

NUM¬ 

BER 

OP 

SUB¬ 

JECTS 

DMF 

RATE 

NUM¬ 

BER 

OF 

SITB- 

JECTS 

DMF 

RATE 

NUM¬ 

BER 

OF 

SUB¬ 

JECTS 

DMF 

RATE 

NUM-  1 
BER 

OF 

SUB¬ 

JECTS 

DMF 

RATE 

NUM¬ 

BER 

OF 

SUB¬ 

JECTS 

DMF 

RATE 

NUM¬ 

BER 

OF 

SUB¬ 

JECTS 

DMF 

RATE 

Age  groups: 
11-12  years 

12 

7.33 

43 

6.76 

94 

5.78 

122 

5.73 

86 

4.77 

44 

5.25 

13-14  years 

16 

12.31 

41 

9.25 

95 

8.30 

109 

8.12 

74 

7.37 

44 

8.89 

9-16  years 

31 

10.65 

93 

8.16 

211 

7.09 

254 

7.03 

177 

5.95 

96 

7.12 

•Including  milk  equivalent  of  other  dairy  products. 


Table  V  shows  how  the  average  rate  of  dental  decay  varies  with  the  specific 
number  of  cups  of  milk  consumed  per  day.  In  Fig.  2  the  DMF  rate  is  plotted 
against  the  average  number  of  cups  of  milk  (or  dair\’  eipiivalent)  consumed  per 
day.  There  is  a  marked  improvement  in  dental  status  with  increase  in  level  of 
milk  intake  from  0.1  to  1.0  cup  to  1.1  to  2.0  cups  per  day.  A  further  drop  in 
DMF  rate  is  noted  with  an  increase  to  2.1  to  3.0  cups  of  milk  per  day.  With  an 
increase  in  daily  milk  intake  to  4.1  to  5.0  cups  there  is  again  an  improvement  in 
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dental  status  in  all  3  age  groups.  In  contrast  to  this  consistent  improvement 
in  dental  status  with  increase  in  milk  consumption  from  1  cup  or  less  to  4.1 
to  5.0  cups,  there  is  a  definitely  higher  DMF  rate  in  those  children  drinking 
more  than  5  cups  a  day. 


0.1- 1.0  I.1-2.0  2J-3.0  3.I-4.0  4.1- 5.0  5.1- 

AVERACE  NUMBER  OF  CUPS  OF  MILK  PER  DAY  (INCLUDING  MILK  EQUIVALENT  OF 


OTHER  DAIRY  PRODUCTS) 

Fig.  2. — Dental  decay  rate  in  relation  to  level  of  milk  consumption. 

In  looking  for  a  possible  reason  for  this  higher  dental  caries  rate  in  the 
children  who  drank  over  5  cui)s  of  milk  a  day,  as  compared  with  those  who  drank 
4  to  5  cups,  several  factors  were  considered.  Their  diets  might  have  rated  differ¬ 
ently  in  other  factors  found  here  to  be  related  to  caries,  namely,  the  intake  of 
fruits  and  vegetables  and  of  refined  sweets,  and  the  frequency  of  between-meal 
eating.  However,  on  comparing  the  quality  of  the  diets  of  the  “heavy  milk 
drinkei-s”  with  the  diets  of  the  group  as  a  whole,  it  was  noted  that  the  fonner 
compared  favorably  with  the  latter  in  average  daily  intake  of  green  and  yellow 
vegetables,  of  high  vitamin  C  fruits  and  vegetables,  and  of  total  fruits  and 
vegetables. 

The  intake  of  candy  and  soft  drinks  and  the  frequency  of  between-meal 
eating  in  the  heavy  milk  drinkei*s  was  compared  with  those  who  drank  4.1  to  5.0 
cups  of  milk  a  day.  The  average  daily  intake  of  candy  and  soft  drinks,  combined, 
in  this  group  was  0.04  times;  in  the  group  drinking  4.1  to  5.0  cups  of  milk  per 
day  it  was  0.84.  The  average  number  of  between-nu‘al  snacks  ])er  day  in  the  2 
groups  was  1.28  and  1.14,  respectively.  It  is  doubtful  whether  this  slightly 
higher  level  of  candy,  soft  drinks,  and  between-meal  snacks  in  the  high  milk 
intake  group  could  account  for  their  higher  rate  of  dental  decay. 

Another  possible  cause  for  the  higher  incidence  of  dental  decay  in  this 
group  of  heavy  milk  drinkers  might  be  a  relatively  greater  representation  of  the 
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older  age  levels  with  a  naturally  higher  DMF  rate.  This  was  found  not  to  be 
the  ease  to  any  marked  degree.  The  average  age  of  the  heavy  milk  drinkers  was 
12.47  years,  of  those  getting  4.1  to  5.0  glas.ses  a  day,  12.25  years.  Neither  did 
the  group  of  heavy  milk  drinkers  include  a  higher  percentage  of  city  children 
with  the  higher  average  DMF  rate  as  compared  with  rural  children.  The  per¬ 
centage  of  city  children  in  the  2  groups  was  39.8  and  42.6,  respectively.  It  was 
thought  the  higher  average  DMF  rate  in  the  high  milk  intake  group  might  be 
due  to  an  unusually  high  rate  in  a  small  percentage  of  the  group.  However, 
the  distribution  curve  for  the  DMF  rate  in  this  group  is  similar  to  the  distribution 
cune  of  the  whole  group. 

A  high  milk  intake  by  children  with  an  already  high  rate  of  dental  decay 
may  be  the  result  of  advice  from  a  dental  hygienist,  dentist,  or  school  nurse. 
.\nother  reason  might  be  a  higher  incidence  of  certain  childhood  febrile  diseases 
with  a  consequent  increase  in  dental  decay,  followed  by  advice  from  a  pediatrician 
to  “drink  lots  of  milk”  with  the  intent  of  combating  the  assumed  harmful 
effect  of  the  disease  on  the  teeth.  In  neither  of  these  cases,  of  course,  would  the 
high  milk  intake  be  a  causative  factor  in  the  production  of  the  high  DMF  rate. 

Dental  Status  in  Relation  to  Other  Dietary  Factors. — The  dental  status  of 
the  children  was  studied  in  relation  to  extent  of  between-meal  eating  and  to  the 
total  intake  of  candy  and  soft  drinks.  In  both  eases  a  slightly  better  dental 
status  was  found  with  the  lower  intake,  although  the  influence  of  these  dietary 
factors  was  less  marked  than  was  the  case  in  the  first  3  comparisons  made  here 
(with  basic  7  rating,  with  fruit  and  vegetable  consumption,  and  with  level  of 
milk  intake).  The  completeness  and  reliability  of  the  children’s  records  in 
n'gard  to  between-meal  snacks  and  to  total  consumption  of  sweets  and  bottled 
soft  drinks  may  perhaps  be  (luestioned  even  more  than  their  records  of  intake 
of  other  foods.  Such  items  could  easily  be  overlooked,  or  could  be  considered 
as  not  being  “food,”  or  could  be  left  off  the  record  by  a  sensitive  child  in  order 
to  avoid  possible  criticism. 

SUMMARY 

The  dental  status  of  864  Connecticut  children  (in  grades  5  to  8)  was  studie<I 
in  relation  to  the  adeciuacy  of  their  diets,  as  determined  from  7-day  foo<l 
intake  records  kept  by  the  children. 

The  average  number  of  DMF  teeth  was  slightly  higher  in  these  children  at 
ages  14  and  15  than  in  Connecticut  children  of  the  same  age  reported  in  1944. 

There  was  no  difference  between  the  DMF  rate  for  boys  and  that  for  girls. 
The  former  was  8.1;  the  latter,  8.0. 

The  rural  children  in  this  group  had  a  slightly  lower  DMF  rate  (an  average 
of  7.1  per  child)  than  the  city  children  (an  avei*age  of  9.1  per  child). 

The  childrtm  with  the  better  diets  (rated  according  to  the  National  Foo<l 
(iiiideof  the  United  States  Department  of  Agriculture)  had  lower  DMF  rates,  on 
the  average.  A  higher  intake  of  fruits  and  vegetables  was  also  asso<*iatetl  with  a 
lower  DMF  rate. 

There  was  a  marked  and  consistent  drop  in  DMF  rate  with  increa.se  in 
number  of  cups  of  milk  consumed,  from  an  average  of  10.65  DMF  teeth  for  tho.se 
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drinking;  less  than  1  cup  of  milk  per  day  to  5.95  for  those  drinking  4.1  to  5.0 
cups  per  day.  Those  drinking  over  5  cups  per  day  had  a  slightly  higher  average 
rate  of  dental  decay  (7.12  T)MF  teeth).  Possible  causes  for  this  are  discussed. 

Only  a  slight  positive  relationship  was  noted,  in  these  children,  between 
OMF  rate  and  fre(|uency  of  betwecn-ineal  snacks;  likewise  between  DMF  rate 
and  total  consumption  of  candy  and  soft  drinks.  The  possible  incompleteness 
of  the  children ’s  records  as  to  these  food  items  is  discussed  in  connection  with  the 
low  level  of  relationship  to  dental  status  noted  in  these  subjects. 

Credit  is  due  Mrs.  Beatrice  Cohen  for  assisting  with  the  dental  examinations,  and  to 
Marilyn  Oberle  and  Marie  Gabriel  for  help  in  calculating  and  tabulating  the  data.  Credit 
and  appreciation  are  due  the  children  who  participated  in  the  study  and  the  teachers  who 
supervised  the  diet  records. 
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MOUTH  HYGIENE  HABITS  AND  THEIR  RELATION  TO  PERIODONTAL 

DISEASE 

M.  K.  SANJANA,  F.  S.  MEHTA,  R.  H.  DOCTOR,  AND  M.  A.  BARETTO 
Sir  C.  E.  M.  Dental  College  and  Nair  Dental  College,  Bombay,  India 

There  are  few  data  in  the  literature  on  the  relationship  between  tooth¬ 
brushes  and  dentifrices,  and  periodontal  disease.  The  population  of  Bom¬ 
bay,  with  their  varied  habits  of  oral  hygiene,  was  used  as  a  group  for  a  survey 
of  these  relationships. 

The  individuals  studied  used  the  finger,  the  datan  (a  fresh  twig  chewed 
at  one  end  to  develop  a  brush  form),  or  the  toothbrush  with  tooth  powders, 
tooth  pastes,  tobacco,  charcoal,  salt,  or  rice  husk  ash.  The  brands  of  commercial 
dentifrices  were  not  recorded.  The  incidence  of  calculus  and  of  periodontal 
disease  has  been  shown  to  be  high  in  Bombay.^’  * 

A  total  of  1,445  men  and  women  between  16  and  50  years  of  age  were  ex¬ 
amined.  The  individuals  were  in  the  same  general  economic  group,  earning  80 
to  100  Rs.  per  month.  They  were  all  relatively  healthy  as  judged  by  ability 
to  carry  on  their  normal  day-to-day  work.  Individuals  with  missing  teeth,  other 
than  third  molars,  were  not  included. 

EXAMINATION  AND  RECORDING 

The  examination  was  carried  out  with  the  use  of  the  exploring  tine  and 
mouth  mirror  in  natural  light.  The  patient  was  questioned  regarding  the  method 
of  oral  hygiene,  and  the  answer  was  recorded.  , 

The  occurrence  of  periodontal  disease  was  recorded  as  follows:  The  mouth 
was  arbitrarily  divided  into  6  segments,  3  in  each  jaw.  The  middle  segment 
extended  from  one  canine  region  to  the  other,  with  right  and  left  posterior  re¬ 
gions  on  either  side.  The  gingiva  and  teeth  were  examined  for  the  usual  clini¬ 
cal  signs  of  periodontal  disease  (color,  swelling,  bleeding,  recession,  pockets, 
tooth  mobility,  etc.).  No  radiographic  studies  were  made. 

The  presence  of  local  and  general  periodontal  disease  was  recorded  sep¬ 
arately.  In  instances  where  more  than  two  margins  or  papillae  in  a  segment 
were  involved,  the  disease  was  classified  as  generalized  for  that  segment.  If 
one  or  two  were  involved,  the  disease  was  considered  as  localized.  For  the  pur¬ 
poses  of  this  survey  only  the  generalized  lesions  were  considered. 

DATA 

Table  I  gives  the  results  of  the  survey.  Eighty-three  per  cent  of  the  in¬ 
dividuals  examined  had  generalized  periodontal  disease.  Over  half  the  pa¬ 
tients  used  the  fingers  and  tobacco  as  oral  hygiene  aids.  Of  the  398  individuals 
over  30  years  of  age,  373  had  generalized  periodontal  disease. 

Received  for  publication  Feb.  4,  1955.  Revised  by  the  authors  March  10,  1956. 
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Statistical  analysis  by  the  “Analysis  of  the  Variance  Test”  showed  no  sig¬ 
nificant  difference,  even  at  the  1  per  cent  level,  in  the  incidence  of  generalized 
periodontal  disease  in  toothbrush-powder  users  and  toothbrush-paste  users. 
However,  there  \vere  significant  differences  in  the  occurrence  of  periodontal 
disease  between  the  different  age  groups  of  toothbrush  users.  Among  the  finger 
users,  there  was  no  significant  difference  whether  charcoal,  ])ow'der,  or  tobacco 
was  used  but,  again,  the  age  group  differences  w’ithin  the  t)ral  hygiene  agent 
groups  were  significant. 

The  toothbrush  users  (with  paste  or  powder),  the  finger  users  (with  char¬ 
coal  or  powder)  and  the  datan  users  were  compared  as  groups.  The  finger- 
tobacco  users  were  omitted  to  obtain  groups  of  comparable  size.  There  were 
no  significant  differences  in  the  occurrence  of  generalized  periodontal  disease 
among  these  groups,  although  the  age  group  differences  were  significant. 

Using  the  Chi  S(|uare  test  the  incidence  of  periodontal  disease  for  finger- 
charcoal,  finger-powder  and  finger-tobacco  u.sers  was  analyzed  by  segments.  In 
the  anterior  segments  there  were  no  significant  differences  but  for  all  4  posterior 
segments  the  greatest  occurrence  of  periodontal  disea.se  was  among  the  finger- 
tobacco  users.  A  similar  comparison,  by  segments,  of  the  effect  of  the  finger, 
toothbrush,  and  datan  as  oral  hygiene  aids  showed  no  significant  effects. 

SUMMARY 

An  incidence  of  83.2  per  cent  of  “generalized  periodontal  disease”  was 
found  among  1,455  residents  of  Bombay.  The  incidence  increased  with  age. 
Most  of  the  individuals  examined  used  tobacco  on  the  finger  as  an  oral  hygiene 
aid.  Among  the  248  toothbrush  users  no  difference  in  effect  was  evident  between 
tooth  paste  and  tooth  powder  employment.  Among  the  1,007  finger  users  the 
use  of  charcoal,  tooth  powder,  or  tobacco  as  aids  did  not  seem  to  effect  the  in¬ 
cidence  of  disease.  However,  the  occurrence  of  periodontal  disease  w’as  more 
common  in  the  posterior  segments  of  the  mouths  of  finger-tobacco  users  than 
in  those  using  the  finger  with  tooth  powder  or  charcoal. 

The  incidence  of  generalized  periodontal  disease  did  not  appear  to  be 
affected  by  the  method  of  oral  hygiene  but  increased  with  age  regardless  of  the 
oral  hygiene  method  used. 
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URINARY  ESTROGEN  IN  PERIODONTOSIS 

MAXWELL  KAESHAN,  BENJAMIN  TENENBAUM,  AND  ROSLYN  FRIEDLAND 

From  the  Department  of  Biochemistry,  School  of  Dental  and  Oral  Surgery,  and  College  of 
Physicians  and  Swgeons,  Columbia  University,  New  York 

SINCE  periodontosis  occurs  predominately  in  females  of  reproductive  age,  it 
was  thought  that  a  study  of  the  estrogen  excretion  might  throw  light  on  the 
etiology  of  this  disease.  In  a  previous  study^  of  systemic  factors  in  periodontosis, 
we  found  that  the  urinary  neutral  17-ketosteroids,  an  index  of  androgen  produc¬ 
tion,  were  within  the  normal  range  in  33  female  patients.  The  determination 
of  the  17-ketosteroids  in  urine  is  essentially  a  measure  of  adrenocortical  and 
male  gonadal  activity.  It  has  been  shown  that  these  glands  are  related  to  the 
activity  of  the  osteoblasts.  The  mean  value  of  the  periodontosis  group  (33 
cases)  was  9.8  mg.  per  24  hours  and  that  of  a  control  group  (20  cases),  free 
from  periodontal  disease,  was  11.3  mg.  per  24  hours.  The  difference  between 
the  means  divided  by  the  standard  error  of  the  difference  was  1.44,  indicating 
that  there  is  no  significant  difference  between  the  groups.  However,  30  per  cent 
of  the  cases  in  the  control  group  gave  values  below  9.3  mg.  per  24  hours,  as 
compared  with  52  per  cent  in  the  periodontosis  group. 

The  present  study  is  concerned  with  the  urinary  estrogen  in  18  female 
subjects,  21  to  37  years  of  age  in  various  stages  of  periodontosis.  Urinarj' 
estrogen  was  determined  by  the  fluorometric  method  of  Jailer,’*  which  is  based 
on  the  finding  of  Marrian,®  that  when  concentrated  sulfuric  acid  is  added  to 
estrone,  an  orange  color  with  greenish  fiuorescence  is  produced.  Twenty-four- 
hour  specimens  were  collected  generally  on  the  seventh  day  of  the  menstrual 
cycle  (this  will  be  referred  to  as  the  first  specimen),  and  between  the  fourteenth 
and  eighteenth  day  of  the  cycle,  that  is,  on  the  presumed  day  of  ovulation  as 
assessed  by  the  patient  from  her  temperature  record  (this  will  be  referred  to 
as  the  second  specimen).  The  usual  range  of  urinary  estrogen  excretion  in 
the  absence  of  pregnancy  is  considered  to  be  from  15  to  50  meg.  per  24  hours. 

The  degree  of  periodontosis  was  graded  as  follows:  slight — showing  loss 
of  bone  in  specific  areas  but  no  need  of  immediate  extraction  of  teeth;  moderate — 
immediate  extraction  indicated  of  some  teeth,  which  can  be  replaced  by  partial 
dentures;  severe — extraction  of  all  but  six  teeth  indicated.  Three  cases  were 
graded  as  slight,  8  as  moderate,  and  7  as  severe. 

In  the  7  cases  graded  as  severe,  the  estrogen  values  in  the  second  specimen 
ranged  from  14.7  to  28.3  meg.  per  24  hours,  and  were  all  lower  than  those  in 
the  groups  graded  as  slight  or  moderate.  In  these  latter  groups  the  range  of 
values  in  the  second  specimens  was  from  33.8  to  50.5  meg.  per  24  hours. 

This  investigation  was  supported,  in  part,  by  a  research  grant  from  the  National  Institute 
for  Dental  Research  of  the  National  Institutes  of  Health,  Public  Health  Service. 

Received  for  publication  Feb.  4,  1955. 
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RESULTS 

Estrogen  excretion  in  meg.  per  24  hours  is  given  in  Table  I. 

Table  I 

Urinary  Estrogen  in  Periodontosis 


ESTROGEN  EXCRETION  IN 

DEGREE  OF 

DAY  OF  CYCLE  ON  WHICH 

MICROGRAMS  PER  24 

AGE 

PERIODONTOSIS 

TRINE  WAS  COLLECTED 

HOURS 

30 

Slight 

7 

18 

40.1 

38.2 

34 

Slight 

8 

14 

28.3 

50.5 

31 

Slight 

7 

14 

21.2 

50.4 

37 

Moderate 

7 

14 

35.7 

33.8 

31 

Moderate 

7 

14 

40.8 

44.6 

29 

Moderate 

7 

14 

34.5 

34.8 

30 

Mo<lerate 

7 

16 

20.4 

42.1 

25 

Moderate 

ll 

14 

33.9 

41.9 

37 

Moderate 

7 

18 

28.4 

48.5 

21 

Moderate 

7 

15 

26.2 

47.2 

22 

Moderate 

7 

15 

41.6 

48.7 

34 

Severe 

7 

15 

26.0 

25.2 

27 

S«*vere 

7 

15 

21.2 

23.3 

34 

Severe 

7 

15 

21.0 

25.9 

34 

Si'vere 

7 

16 

23.4 

28.3 

31 

Si-vere 

7 

15 

32.0 

28.2 

36 

S«*vere 

7 

15 

14.5 

21.2 

25 

S<*vere 

9 

15 

11.6 

14.7 

I^ower  values  were  found,  although  not  consistently,  in  the  first  specimens 
also,  in  the  severe  periodontosis  group.  In  these  first  specimens  the  range  was 
from  11.6  to  32.0  meg.  per  24  hours  for  the  severe  periodontosis  group,  and 
20.4  and  41.6  meg.  per  24  hours  for  the  combined  slight  and  moderate  periodonto¬ 
sis  groups. 

SUMMARY 

Urinary  estrogen  values  in  patients  with  periodontosis  were  in  general  in 
the  normal  range.  However,  the  values  were  usually  lower  in  the  severe  cases 
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than  in  the  slifjht  or  moderate  cases.  This  was  consistently  so  in  the  severe  eases 
in  the  specimens  of  urine  collected  on  the  presumed  day  of  ovulation  as  assessed 
by  the  patient  from  her  temperature  record. 
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THK  NATURE  OF  THE  GINGIVAL  PLAQUE  IN  THE  HAMSTER- 
PRODUCTION,  PREVENTION,  AND  REMOVAL 
DAVID  F.  MITCHELL  AND  MARILYN  JOHNSON 
Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

WHEN  the  hamster  is  fed  a  finely  divided,  high  carbohydrate  diet  for  ap¬ 
proximately  100  days,  measurable  amounts  of  periodontal  tissue  destruc¬ 
tion  are  the  result.^  This  condition  is  due  to  supra-  and  subgingival  accumula¬ 
tions  which  also  may  be  intimately  associated  with  cervical  caries  of  the  molar 
teeth.-  These  accumulations  have  been  referred  to  as  “plaque,”®’^  “tarter,”’’ 
and  “food  debris.”*  In  our  experience,  this  material  has  never  appeared  to  be 
calcified. 

It  was  noted  that  the  subgingival  accumulations  were  not  apparent  grossly 
in  animals  fed  a  coarse  laboratory  chow,  nor  was  it  formed  when  the  chow  w’as 
ground  fine  enough  to  pass  through  a  20-mesh  screen.®  In  connection  with 
caries  studies,  Orland"  has  found  5  varieties  of  lactobacilli  and  other  aciduric 
microorganisms  in  the  hamster.  Lactobacilli  were  demonstrated  and  counted  by 
Helman  and  JMitchell.®  These  facts  seemed  to  indicate  that  the  subgingival  ma¬ 
terial  might  actually  consist  of  masses  of  aciduric  bacteria,  among  others.  This 
study  was  conducted  in  order  to  discover  the  true  nature  of  this  material  here¬ 
inafter  referred  to  as  “plaque.” 

EXPERIMENTAL  PROCEDURES  AND  RESULTS 

Eleven  animals  were  maintained  on  a  high  carbohydrate  diet*  for  3  months. 
They  were  anesthetized  and  examined  under  a  dissecting  microscope;  the  pres¬ 
ence  of  marked  amounts  of  gingival  plaque  material  w'as  recorded,  in  vivo  ( Figs. 
1  and  2).  The  animals  were  then  fed  laboratorj*  chowt  for  10  days  and  re¬ 
examined.  The  plaque  material  had  disappeared  (Fig.  3).  The  animals  were 
then  placed  on  the  high  carbohydrate  diet  for  2  weeks  and  the  plaque  reappeared 
(plaijue-positive).  C’how’  was  fed  again  for  2  weeks  and  the  plaque  disappeared 
again  (pla(iue-negative).  At  various  times  during  this  experimental  period 
the  following  tests  were  performed. 

1.  Microscopic  examinations  were  made  of  smears  made  from  the  subgingival 
material  of  plaque-positive  animals,  and  stained  by  Gram’s  method.  Gram¬ 
positive  rods  resembling  lactobacilli  were  common.  Streptococci,  staphylococci, 
and  various  pleomorphic  organisms  also  were  seen.  These  findings  agreed  with 

This  work  supported  In  part  by  funds  from  the  Office  of  Naval  Research,  under  contract 
Nonr-710  (13)  and  in  part  by  a  grant  from  the  USPHS,  D-104  (C2). 

Received  for  pubiication  Dec.  4,  1954. 

•W’hole  wheat  flour,  30%;  whoie  powdered  milk,  30%;  cornstarch,  20%;  sucrose,  1.5%; 
alfalfa,  4%;  NaCI,  1%. 
tPurina  Fox  Chow. 
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FiB.  2. 


KiB.  2. 


Fig.  1. — This  photograph  of  the  maxilia  illustrates  the  flndings  in  a  “plaque  positive 
animal.  Note  the  gray-white  plaque  on  the  palato-gingival  surface  of  each  molar — thus  giving 
an  in  vivo,  gross  observational  score  of  6. 

Fig.  2. — Plaque  on  the  gingivae  of  mandibular  molars.  Difficult  to  observe  in  the  living 
animal,  and  not  "scored”  in  this  study. 

Fig.  3. — The  maxilla  of  an  animal  which  had  previously  been  “plaque-positive”  and  is 
now  negative  after  2  weeks  of  a  noncariogenic  diet. 
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those  of  Orland.^  We  were  impressed  by  the  lack  of  debris  in  the  smears — the 
body  of  the  material  seemed  to  consist  of  gross  masses  of  microorganisms. 
Ciingival  smears  from  plaque-negative  animals  revealed  similar  microorganisms, 
but  they  were  much  less  abundant. 

2.  Plaque  pJI  change  was  observ  ed."  The  plaijue  material  was  taken  directly 
from  the  placiue-positive  hamster  and  placed  on  a  glass  slide.  The  material 
was  covered  with  a  few  drops  of  aciueous  methyl  red  .02%  (pH  range,  4.2  red  to 
6.3  yellow),  and  a  few  crystals  of  sucrose  were  added.  In  a  matter  of  15  to 
30  seconds  small  islands  of  brilliant  red  appeared  in  the  yellow  solution,  denot¬ 
ing  acid  production  through  bacterial  enzymatic  action  on  the  sucrose,  thus 
indicating  the  presence  of  acid-producing  microorganisms. 

3.  Glucose  broth*  at  pH  7  was  inoculated  with  material  from  plaque-posi¬ 
tive  animals,  and  after  2  days  the  pH  had  dropped  to  an  average  figure  of  4.3 
as  compared  to  noninoculated  control  tubes  with  a  pH  of  6.8.  This  action  was 
repeated  with  small  amounts  of  material  obtainable  from  plaque-negative  ani¬ 
mals  with  similar  results,  thus  indicating  the  omnipresence  of  aciduric  organ¬ 
isms  in  this  area  of  the  mouth. 

4.  SL-agar  plates'^  were  plated  with  dilutions  (1:10,  1:100,  1:1000)  of  the 
glucose  broth  which  had  shown  pH  changes,  and  colony  growth  was  seen  in  24 
hours.  These  colonies  resembled  those  of  lactobacilli  and  smears  made  from 
them  showed  gram-positive  rods.  The  media  used  is  highly  selective  for  laeto- 
bacilli. 

5.  Microscopic  sections  of  the  plaque  in  situ  on  the  molar  teeth,  stained 
with  a  modified  Gram  method”  revealed  the  presence  of  masses  of  gram-positive 
rods  and  other  organisms. 

Penicillin  Test. — In  view  of  these  findings  it  seemed  reasonable  that  if 
plaque-positive  animals  were  fed  some  agent  that  would  affect  the  organisms 
involved,  preferably  a  known  caries  preventive  agent,”’  ”  the  plaque  should 
disappear  in  a  short  time.  Therefore,  32  plaque-positive  animals  which  had 
been  maintained  on  a  high  carbohydrate  diet  for  many  weeks  were  selected  and 
divided  into  a  control  and  experimental  group.  Each  animal  had  an  in  vivo  gross 
observational  “score”  of  3  or  more  palatal  gingival  surfaces  involved  (6  pos¬ 
sible,  1  area  opposite  each  upper  molar).  These  and  subsequent  scores  were 
obtained  without  using  anesthesia,  in  a  carefully  controlled,  objective  manner. 
Both  groups  were  fed  the  high  carbohydrate  diet.  The  experimental  group  re¬ 
ceived,  in  addition,  500  units  of  sodium  penicillin  G/Gm.  of  diet,  and  100 
units/c.c.  in  the  drinking  water.  Food  and  water  were  furnished  ad  libitum 
for  2  weeks.  At  the  end  of  this  period  the  palatal  periodontal  plaque  scores  in 
the  living  animal  were  as  follows:  controls,  3.98  average  number  of  palatal, 
gingival  surfaces  per  animal;  experimental  animals,  .28  (total  pos.sible,  6). 
There  was  no  appreciable  sex  difference,  although  the  male  scores  ran  a  little 
higher  than  those  of  the  females. 

DISCUSSION 

The  plaque-positive  animals  ultimately  suffer  marked  recession  of  perio¬ 
dontal  tis.sues.  The  case  with  which  this  plaque  may  be  removed  within  2  weeks, 

•Yeast  extract,  ;  tryptone,  Vj%‘.  glucose.  1%;  sotlium  thioglycollate,  .05%;  distilled 
H}0  to  100% ;  pH  adjusted  to  7.00  and  autoclaved. 
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and  re-induced  in  a  like  amount  of  time  by  diet  control  seems  remarkable.  The 
association  of  this  form  of  ])eriodontal  disease  with  cervical  ‘‘caries”  in  the 
hamster-*  raises  the  <iu<‘stion  of  a  jwssible  relationshi])  between  such  a  sub- 
f?ingival  i»la<iue  and  cervical  caries  in  human  beiiif's. 

Waeihau*?'^  has  shown,  in  the  human  bein^,  that  subfriufiival  **pla<iue*’ 
always  contains  bacteria,  and  he  has  been  unable  to  demonstrate  other  materials 
such  as  food  debris  in  this  ])la(iue.  Similarly,  we  were  unable  to  demonstrate 
any  debris  or  material  other  than  bacteria  in  the  pla(iue  of  hamsters  maintainiHl 
on  a  high  carbohydrate  diet.  Zander'®  studied  calculus  attachment  to  teeth 
and  showed  microorganisms  at  this  site  penetrating  cementum  and  dentin.  Could 
this  have  occurred  after  decalcification  of  these  surfaces  by  aciduric  organ¬ 
isms?  The  organisms  demonstrated  in  situ  were  gram-positive  rmls  and  fila¬ 
mentous  types  of  organisms. 

Kiflrte'**  has  demonstrated  that  softening  of  root  surfaces  occurs  in  cases 
of  long-standing  i)eriodontal  disease,  and  he  expressed  the  belief  that  this 
.softened  portion  of  the  root  should  be  removed  in  order  to  cure  the  disease. 

We  believe  that  in  the  human  Indiig  some  forms  of  chronic  periodontal 
disease  and  cervical  root  “caries,”  or  “surface  softening,”  or  “deterioration”"* 
sometimes  may  be  a.s.sociated  with  the  same  factor — a  plaque  consisting  in  part 
of  aciduric  microorganisms.  Further  studies  are  needed  to  define  the  possible 
role  of  proteolytic  organisms  in  this  region. 

The  i>laque-te.st  of  penicillin  described  may  lead  to  the  development  of  a 
screening  te.st  for  potential  caries  inhibiting  agents.  If  hamsters  were  main¬ 
tained  on  a  high  carbohydrate  diet  until  they  were  plaque-positive,  and  then 
tested  for  2  weeks  with  the  addition  of  a  possible  caries  inhibiting  agent,  a  2 
week  te.st  may  give  additional,  early,  encouraging  or  discouraging  information 
about  the  agent.  Although  further  study  of  a  variety  of  agents  of  an  anti¬ 
bacterial,  anti-enzyme,  or  other  nature,  known  to  be  anti-cariogenic,  will  be 
required,  it  is  believed  that  some  degree  of  success  will  be  forthcoming  on  the 
basis  of  this  penicillin  test,  and  previous  reports  from  this  laboratory  which 
showed  that  periodontal  placiue  scores  were  reduced  by  feeding  dibasic  am¬ 
monium  phosphate,  or  dibasic  sodium  phosphate,  but  not  urea.'"  Thest*  results 
paralleled  the  caries  scores  in  the  same  animals.’*  Related  work  recently  re- 
])orted  by  Fostich"*’  indicated  that  copper,  NaF,  NaFPOg,  and  a  chlorophyll 
compound  reduced  alveolar  crest  resorption  when  fed  to  hamsters.  Such  re¬ 
sorption  should  be  directly  related  to  the  accumulation  of  periodontal  platpie. 

SUMM.VRY  AND  CONCLUSIONS 

Hamsters  maintained  on  a  high  carbohydrate  diet  for  some  weeks  develop 
a  grossly  apparent  white  plaque  at  the  palato-gingival  area  of  the  upper  molars 
which  may  be  observed  in  vivo.  When  these  animals  were  fed  laboratory  chow 
(noncariogenic)  for  2  weeks,  the  plaijue  disappeared.  After  2  subsetiuent  weeks 
of  a  high  carbohydrate  diet  the  plaque  reappeared.  By  feeding  small  amounts 
of  penicillin  with  the  high  carbohydrate  diet,  the  plaque  was  made  to  disappear. 
When  the  grossly  detectable  plaque  was  studied  by  direct  mici*oscopic  examina¬ 
tion,  by  pH  change  in  vitro,  by  selective  culture  and  other  methods,  it  was 
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determined  that  the  plaque  consists,  in  large  part,  of  aeiduric  microorganisms. 
The  ease  of  production  and  “erasure”  of  the  plaque  may  lead  to  a  short¬ 
term  screening  test  for  possible  caries  inhibiting  agents.  Speculation  is  made 
on  the  possible  application  of  these  findings  to  dental  caries  and  periodontal 
disease  in  the  human  being. 
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AN  IN  VITRO  STUDY  OF  ANTISEPTICS  AND  ANTIBIOTICS  USED  IN 

ENDODONTICS 
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From  the  Faculty  of  Dentistry,  University  of  Uruguay  and  the  School  of  Dentistry,  University 
of  Pennsylvania,  Philadelphia,  Pa. 

The  object  of  this  study  is  to  ascertain  the  action,  in  vitro,  of  some  antiseptics 
and  antibiotics  which  are  used  for  the  destruction  of  microorganisms  in 
infected  root  canals. 

The  laboratory  procedures  are  divided  into  three  parts:  (1)  preliminary 
tests  to  determine  the  efficacy  of  the  agents  in  general  and  to  establish  whether 
they  are  adapted  to  clinical  practice;  (2)  a  qualitative  study  by  the  disc  method; 
and  (3)  a  quantitative  study  by  the  serial  dilution  method. 

In  our  laboratory,  the  flora  of  several  infected  root  canals  were  found  to  be 
of  a  mixed  type  when  several  teeth  were  compared,  but  in  most  cases  the  root 
canals  contained  only  one  type  of  organism.  The  alpha  streptococcus  was  found 
most  frequently.  In  some  cases  2  types  of  organisms  were  found,  but  1  type 
exceeded  the  other  in  numbers.  Mixed  flora  were  nearly  always  observed  in 
exposed  root  canals,  or  in  the  case  of  contamination  during  the  course  of 
endodontic  treatment.  A  number  of  i)ulpless  teeth  with  periapical  areas  were 
found  to  be  sterile. 

With  the  advent  of  antibiotics,  it  has  become  necessary  to  study  the  bac¬ 
terial  flora,  as  most  antibiotics  are  selective  in  their  action. 

In  our  experiments,  4  types  of  microorganisms,  Str.  fecalis,  Staph,  aihm, 
C.  albicans,  and  E.  coH,  were  used  because  they  are  most  commonly  found  in 
infected  root  canals. 

After  some  preliminary  tests,  Antistine,  Asterol,  sodium  caprylate,  decyl 
ammonium  sulfate,  fradicin,  neomycin,  Perazil,  rimocidin,  Terramycin,  and 
thiolutin  were  selected  for  the  tests.  Of  these,  Antistine,  Asterol,  sodium 
caprylate,  decyl  ammonium  sulfate,  and  Perazil  are  not  antibiotics. 

Jawetz,  Gunnison,  and  Speck,^  who  studied  the  antagonism  caused  by 
Aureomycin,  Terramycin,  or  chloramphenicol  on  the  one  hand,  with  penicillin 
on  the  other,  showed  that  it  occurs  only  if  any  of  the  former  is  given  either  with 
or  before  the  latter,  but  not  if  penicillin  is  administered  first.  This  seems  to 
show  that  it  is  not  a  mutual  antagonism  or  incompatibility  of  the  drugs,  but 
rather  an  interference  by  chloramphenicol,  Terramycin,  or  Aureomycin  with  the 
activity  of  penicillin.  Interference  of  effect  is  observed  not  only  among  anti¬ 
biotics  but  also  when  an  antibiotic  is  used  with  some  other  agent,  such  as  peni¬ 
cillin  with  boric  acid,  or  with  sulfadiazine  under  certain  conditions. 
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On  the  other  hand,  several  studies  have  demonstrated  a  synerfjistic  effect 
among  certain  antibiotics  such  as  between  penicillin  and  streptomycin,  and 
penicillin  and  baeitraein,  and  also  between  penicillin  and  some  sulfonamides. 

MATERIALS 

Agents. — Antistine  is  a  synthetic  antihistaminic  (2  phenyl-benzylamino- 
methyl-imidazoline  hydrochloride)  with  relatively  low  toxicity.  Asterol  is  the 
dihydrochloride  of  2  methylamine-6-benzothiazole  considered  to  have  a  high 
degree  of  activity  against  fungi,  including  C.  albicans.  Sodium  caprylate,  the 
sodium  salt  of  caprylic  acid,  is  relatively  nontoxic.  Fradicin  is  an  antibiotic 
derived  from  Streptomyces  fradias.  Neomycin  is  an  antibiotic  having  a  cyclo- 
ethanol  type  structure.  Perazil  is  an  antihistaminic  which  has  a  piperazine 
nucleus  as  a  base  instead  of  the  ethylene  group.  Rimocidin  is  an  antibiotic 
derived  from  Streptomyces  rimosus.  Terramycin  is  an  antibiotic  derived  from 
Streptomyces  rimosus.  Thiolutin  is  an  antibiotic  derived  from  Streptomyces 
albus. 

METHOD 

Method  A. — Cultures  were  prepared  from  a  24-hour  growth  of  organisms 
grown  in  brain  heart  infusion  broth  for  Str.  fecalis,  S.  albus,  and  E.  coli,  and 
in  Sabouraud’s  medium  for  C.  albicans.  The  agents  to  be  tested  for  their 
antibacterial  effect  were  prepared  in  dilutions  of  5  and  50  mg.  per  cubic  centi¬ 
meter  of  solvent.  In  addition,  dilutions  of  100  mg.  per  cubic  centimeter  of  solvent 
were  made  in  those  cases  where  the  chemical  agents  were  to  be  used  against 
Str.  fecalis  or  C.  albicans  because  of  the  greater  resistance  of  these  microorgan¬ 
isms.  In  those  cases  where  the  antibiotic  or  chemical  agent  was  not  soluble  in 
water,  it  was  first  dissolved  in  a  little  propylene  glycol  and  then  in  water. 
The  amount  of  propylene  glycol  used  was  negligible  from  an  antibacterial  stand¬ 
point  as  determined  by  test.  Graduated  pipettes  were  used  for  transferring 
solutions  of  the  chemicals  or  dilutions  of  the  microorganisms.  To  each  test  tube 
was  transferred  0.1  c.c.  of  the  chemical  solution  and  0.1  c.c.  of  the  suspension 
of  microorganisms.  Fresh  pipettes  were  used  for  each  transfer. 

As  controls,  40  tubes  of  culture  medium  were  used  containing  the  same 
amount  of  culture  medium  and  the  same  amount  of  bacterial  suspension,  but 
without  the  addition  of  chemicals.  The  tubes  were  incubated  at  37°  C.  except 
the  Sabouraud’s  medium,  which  was  incubated  at  room  temperature.  In  those 
cases  where  there  was  no  evidence  of  growth,  subcultures  were  made. 

Results:  All  cultures  with  Str.  fecalis  were  positive  when  the  chemicals 
were  used  in  a  concentration  of  5  mg.  per  cubic  centimeter.  In  a  50  mg.  per 
cubic  centimeter  concentration,  Antistine,  decyl  ammonium  sulfate,  and  Terra¬ 
mycin  cultures  were  negative  while  all  others  were  positive.  All  cultures  were 
positive  against  C.  albicans  except  thiolutin  in  a  concentration  of  100  mg.  per 
cubic  centimeter.  Neomycin,  Perazil,  Terramycin,  and  thiolutin  in  both  5  mg. 
and  50  mg.  concentrations  were  effective  against  Staph,  albus.  All  the  rest  showed 
growth.  Against  E.  coli,  Antistine,  decyl  ammonium  sulfate,  neomycin,  Perazil, 
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Terraniycin,  and  thiohitin  sliowed  no  fjrowth  in  both  5  nif?.  and  50  mg.  per  cubic 
centimeter  concentration.  Cultures  with  Asterol,  sodium  eaprylate,  fradiein,  and 
rimoeidin  were  positive  on  examination. 

Method  B. — In  order  to  study  the  action  of  the  chemical  objectively,  agar 
pour-plates  were  made  containing  10  per  cent  of  sterile  horse  blood,  and  the 
agar  was  then  inoculated  with  a  suspension  of  organisms  against  which  the 
chemical  solution  was  to  be  tested.  Discs  of  sterile  filter  paper  which  had  been 
submerged  in  a  solution  of  the  chemical  for  24  hours  previously  and 
then  dried  thoroughly  were  placed  on  the  surface  of  the  agar  immediately  after 
its  inoculation  with  the  microorganisms.  The  plates  were  then  incubated  for 
48  hours  at  37°  C.,  except  Sabouraud  s  medium,  which  was  kept  at  room  tempera¬ 
ture.  Zones  of  inhibition  were  apparent  in  most  eases  after  24  hours  and  ob¬ 
servations  were  made  both  after  24  and  48  hours.  In  addition  to  the  chemicals 
previously  tested,  aerosporin,  endomycin,  humulon,  lupulon,  hexahydrolupulon, 
aspergillic  acid,  and  gliotoxin  were  added  to  the  tests. 

Since  one  cannot  determine  microscopically  whether  a  zone  of  inhibition  is 
total  or  only  partial,  the  zones  were  divided  into  small  areas,  working  from  the 
border  of  the  disc  to  the  periphery  of  the  zone  of  inhibition.  Samples  were 
taken  from  each  of  these  areas,  transferred  to  culture  medium,  and  incubated. 
Smears  were  then  made  for  microscopic  examination. 

Results:  It  was  found  that  in  addition  to  partial  or  total  inhibition,  some 
chemicals  produced  two  well-defined  zones  of  inhibition,  e.g.,  neomycin  against 
Str.  fecalis,  gliotoxin  against  E.  coli,  aerosporin  against  E.  coli,  Perazil  against 
staphylococcus,  etc.  In  .some  eases  a  third  zone  appeared  which  may  be  con¬ 
sidered  a  zone  of  stimulation.  Sometimes  this  zone  was  situated  between  the 
zones  of  inhibition,  at  other  times  it  was  outside  the  zones  of  inhibition. 

Method  C. — After  determining  the  qualitative  effect  of  the  chemicals,  an 
effort  was  made  to  determine  their  quantitative  effect.  Only  those  chemical 
agents  which  appeared  to  be  relatively  effective  were  included  in  these  tests. 

The  tests  were  carried  out  by  the  serial  dilution  method  in  the  following 
manner:  Seven  tubes  were  each  filled  with  4.5  c.c.  of  brain  heart  infusion  broth; 
0.5  c.c.  of  a  24-hour  culture  of  the  selected  organisms  was  added  to  the  first 
tube,  which  was  shaken  to  distribute  the  organisms  evenly;  0.5  c.c.  was  then 
removed  from  the  first  tube  and  transferred  to  the  second  tube,  and  this  pro¬ 
cedure  was  continued  until  each  of  the  tubes  was  inoculated.  Then  0.5  of  this 
inoculated  medium  was  transferred  to  a  tube  containing  molten  agar,  and  a 
Petri  plate  was  poured.  This  was  repeated  in  triplicate  for  each  tube  for  a 
total  of  21  plates.  Incubation  was  carried  out  at  20°  C.,  37°  C.,  and  45°  C. 
for  48  hours.  It  was  found  that  37°  C.  was  the  optimum  temperature  for 
growth,  followed  by  20°  C.  and  45°  C.,  respectively.  Little  difference  was 
found  between  brain  heart  infusion  broth  and  Sabouraud ’s  medium  for  grow¬ 
ing  C.  albicans.  The  number  of  colonies  which  developed  upon  these  plates  was 
counted  over  a  Frosh  counter.  Where  the  colonies  were  numerous,  only  one- 
fifth  of  each  dish  was  counted  and  multiplied  by  5.  An  average  of  the  3  plates 
was  taken  in  each  case.  In  some  cases,  counting  was  impossible  owing  to  the 
large  number  of  colonies. 
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SUMMARY  AND  CONCLUSIONS 

1.  A  number  of  antibiotics  and  other  chemical  agents  were  tested  against 
4  types  of  microorganisms  commonly  found  in  infected  root  canals,  Str.  fecalis, 
Staph,  albus,  E.  coU,  and  C.  albicans. 

2.  Fradicin,  thiolutin,  sodium  caprylate,  and  Asterol  were  effective  against 
C.  albicans,  the  most  effective  being  fradicin. 

3.  Of  those  agents  tested,  deeyl  ammonium  sulfate  and  neomycin  were  most 
effective  against  E.  coli. 

4.  Terramycin  and  Perazil  were  effective  against  both  Staph,  albus  and 
Str.  fecalis. 

5.  The  possibility  of  combining  2  or  more  agents  in  order  to  produce 
a  wider  antibacterial  spectrum  than  each  has  commends  itself.  Such  factors  as 
compatibility,  stability,  possible  irritant  effect,  etc.,  would  need  to  be  taken  into 
consideration. 

6.  The  more  commonly  used  antibiotics,  such  as  penicillin,  streptomycin,  or 
bacitracin,  were  not  included  in  these  tests  as  their  antimicrobial  effect  has  been 
studied  by  others. 
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